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PREFACE. 



The present series of Sketches has been compiled with the 
Tiew of affording general readers, and especially the young, 
some popular and yet trustworthy ideas regarding some of 
the most interesting groups of the animal world. The 
work may in fact be regarded as a natural history text-book 
adapted for use in I^ature's school at large, and as a guide 
to the use of the observant powers, through the due exer- 
cise of which all true ideas of JN'ature are acquired. Some 
of the Sketches have already appeared in CRianibers^s 
Journal, and are reprinted here with some additions, and 
with such alterations as were found to be necessary in 
adapting them for volume-form. The papers lay no claim to 
originality; but the day of grave errors in popular scien- 
tific works is not yet past, and the author would fain hope 
that the Sketches may at least be found to possess the 
merit of correctness. The highest purpose this little work 
may serve is, that of fostering a love for the personal and 
direct observation of Nature. Knowledge so acquired 
invariably brings its own reward in the power it confers 
of discerning higher aspects in ' all the workes of 
Nature.' And as a result of such studies, we may say 
with Wordsworth of the most commonplace object around 

us, that we greet it 

Like a pleasant thought^ 
When snch are -wanted. 
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A PEEP AT ANIMALCULES. 

IS" tlie old days of natural history, the name 
'animalcule' was applied in a veiy wide and 
general manner to denote aU beings of small or 
minute size, irrespectiye of their structure or relations to 
other animal forms. The ^ animalcules * of the older writers 
included a goodly number of minute animals of very varied 
and diverse kinds, and only when the microscope began to 
be perfected and the exact structure of animals carefully 
investigated, were the ' animalcules ' arranged in an orderly 
manner. The old group containing these minute beings 
was in fSeuit disbanded, and its members rearranged in divi- 
sions of the animal world often widely separated from each 
other by real and veritable distinctions. Thus, irom being 
regarded as a name common to aU minute organisms, the 
term 'animalcule' has fallen into abeyance in modem 
zoology ; and is never employed in the present day without 



J.Vi.l/ I/. i.itiJ .\i\ti IIMHTS. 



li.iMiij; .( Vii) •llilllli ll\t: |M-i:ti.\ itUilclltiil tii it. Wo tllllS 
(.(IK III ' I'll 11 .ililtii.iliilli;i/ III' * Wllticl iUlilUilli-lllivs/ ol' *lu- 

lu>»iii>(ii .uiiui.diiili .1/ M\\\ l-liii likii ; sd tliiit wliilo tlio iiamo 
I.I .[iii-.-.u.) .11 111 ii-.li>lHii) ill uiiuulo til/At, it oarriivs with it 

a ill-lhul Uli.UiUL; :illi U iiS UiuU'L' tllO ivUl &iY>itOLU ot' UUluiag 

.ItillK.tli it illtl Ui*l ^>l>-< U'-'vi. 

'{\w. ■ .uiiiuiU uli- . ' ili.il is, fsULiU Ol- uiiiuito iUiimals — 

lu Um.. L' \,iii*'u. •.lU'Ui'.i I'l Llio ;iiiiULil woiM. SoillO lUV oE" 
l.iw .■»...mi...iUv'ii, w Uil.-.L v'Llu'ici .no ol" u»loiu!:\\ hii;!i striiccmv. 
No iu.l,\ *-iu .iiloul .b l».a'.i.'i or inu'L- IvIlm ,'l iho licci'vl 
..v» luu • x'l lii.'.o iliiii^^s lIll'-i I'.U" '.u\o«iii^a::ou o£ soiuo l 

\\\.s ivuo'.iU^ iv". :■-■.. V*. I'llIlUll '.UO, Wo OOLUlU '.11 >lic'il i 

....l\ . 'o-.'."..v.. OL \^-- L'..i'»"o woiLi^Ls '.!i •.iuuiaiuiv, .MC'.I '."t'O"!.-: 

. ■..\v ■.',•, %xi. I ,.U'^» .'. \v.i.v.'L 111 .■*."v.\i;i . H .i:-.:>. LO .,:s> . '.v. -i !■■'.' 
»..v\.. .' . ■^.^.».\ -.L ^\ ..• .Ukk '. il\." .^li>. ."i. .'(.Li ■ •k.iV ■...!■:. ii,S» '.!".■ 



■ ■■ • -\- ■■■ -■ 



,^ '. . . k ^ » !■, .k»b\>. ■>>^ ^V^Li- .I..L1..«_ 






-N .■ .\ 'i.e. 



• > , 



. .. \ 






■^-^ ..V ,.. . ... 



■•• . -I 



.. .->. 



*. - . 



. .b '» ^Vk . .w. 



>» 



A PEEP AT ANIMALCOLES. 9 

knowledge and a. modicum of patience and perseTerance, 
may therefore prove interesting, in Tiew of the profitabls 
empbyment of a few houis of leianre time. And we may 
commence our study with the description of a very com- 
mon, but at the same time moat interesting and beautiful 
group of animalcules. 

We may thus look upon a prospect which is well calculated 
to excite our wonder and interest The eye sees a variety 
of form and structure presenting a combination of grace 
and delicacy hardly to be matched in the whole of 
Nature's domain. Within the compasa of a small round 
disc or circle, we behold numerous beings, each consisb- 
ing of a bcll'shaped head, 

mounted on a delicate flexible - ^ ■ ^ . - ■ 

stalk. The margins of the ^" "<©"ir^- 

bella are fringed with minute \_ - - ^ ^~=- 



ture eyelashes, and hence -ju, \ I ^~. )^^- 
named dlia; and these pro- ^^<^.-- \~ "^ -^^^ 
cesses wave to and fro with an . _ . (^""""^^ A — - ~ ^^■P 

of which particles of solid . -. -=k^ ^^SSBS^^^ 
matter suspended in the water ■ iTJ^^SSB^^P*'^^^ 
around are swept into the „. , _ -,_ „ . , , , 
• 1 . r. 1 ''S- '- — wroop ot Bell-anunalcnica. 

months of the bells. Suddenly 

some impulse moves the beii^ we are gazing upon to con- 
tract themselves ; and as if by magic, and more quickly than 
the eye can follow them, the bell-shaped bodies shrink up 
almost into nothingness by the contt»otile power of their 
stalks. Soon, however, as the alarm disappears, the beings 
once more uncoil themselves; the stalks assume their wonted 
and straight appearance ; the little cilia or filaments once 
again resume their waving movements ; and the corrent of 
life rolls onwards as before. 
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The spectacle we have been describing is not by any 
means a raie or tmcommon one, to the microscopist at 
least. We have merely been examining, by aid of the 
microscope, a tiny fragment of pond-weed and its inhab- 
itants, floating in a thin film of stagnant water. Attached 
to the weed is a colony of those peculiar animalcules known 
popularly as ^bell-animalcules,' and to the naturalist as 
VorticelUe, These animalcules are readily procured for 
examination. Whole colonies of these and of neighbour- 
animalcules may be detected by the naked eye existing on 
the surfekse of pond-weeds as a delicate white nap, looking 
like some lower vegetable growth. And when a portion 
of the weed is placed imder the object-glass of the micro- 
scope, numerous animalcules are to be seen waving back- 
wards and forwards in all their vital activity. The general 
appearance of each animalcule has already been described. 
The bellnshaped structure which, with its mouth turned 
uppermost) exists at the top of each stem or stalk, is the 
body. The stalk is never branched in these particular 
animalcules ; and except in certain instances to be presently 
noted, each stalk bears a single head only. The struc- 
ture of the stalk is worthy of special mention. The higher 
powers of the microscope shew us that within the soft 
substance or protoplasm, of which not only the stalk but 
the body also is composed, a delicate contractile] fibre is 
contained. This fibre possesses the power of contracting 
under stimulation, just as the muscles of higher ani- 
mals contract or shorten themselves. And by means of 
this structure, therefore, the bell-animalcules, when alarmed 
or irritated in any way, are enabled to contract them- 
selves with great rapidity, the stalk itself shrinking 
up into a spiral form. The whole operation, indeed, 
reminds one forcibly of some sensitive plant shrinking 
when rudely touched. The lower extremity of the stalk 
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forms a kind of ' root,' by means of which, the animalcules 
attach themselves to fixed objects, such as pond-weeds and 
the lik& 

The bell-shaped body is sometimes named the calyxy 
£:om its resemblance to the stmctoie of that name in 
flowers. The edge of the bell possesses a very prominent 
rim, and within this we find the fringe of filaments or 
cilia, which in reality form a spiral line leading to the edge 
of the bell, in which at one point is situated the mouth, 
represented by an aperture or break in the rim of the body. 
We have seen that the cilia create miniature maelstroms or 
whirlpools in the surrounding water, which have the effect 
of drawing particles of food towards the moutL The study 
of the bell-animalcules affords an excellent example of the 
gaps which still remain to be filled up in our knowledge 
of the structure of evjen the lowest and commonest forms 
of life. 1^0 structures, for example, are more frequently 
met with in the animal world than the delicate vibratile 
filaments or cHia^ so well seen in the bell-animalcules. The 
microscopist finds them in almost every group of animals 
he can examine. They are seen alike in the gills of the 
mussel and in the windpipe of man, and wherever currents 
of air or fluid require to be maintained and produced. Yet 
when the physiologist is asked to explain how and why it is 
that little microscopic filaments — each not exceeding in many 

c^^'S^ t^^ TTnnr^ ^^ ^^ ^^^ ^ length, and destitute of all 
visible structure — are enabled to carry on incessant and inde- 
pendent movements, his answer is, that science is unable, 
at the present time, to give any distinct reply to the query. 
!Ko trace of muscles is found in these filaments, and their 
movements are alike independent of the wiU and nervous 
system of their possessor ; whilst, when removed uninjured 
from the body of the animal of which they form part, 
their movements may continue for days and weeks together. 
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WJiAl fli iUM fnt fatuK iW{M\ry iriay thtw be shewn to 
i.^'uif tiWisU withia ihh oompa^-'* of a li^jll-aiiimalcule's history 
- -tlii^sit {i}iiifml/:iilf:M lx:iiig thcmH<;lvc'H of minute size, and 
fcvirii wJi«Tii iJiaHWj/1 i<ij5<jth<:r ill colonicg, being barely per- 
ruf|flibl«i to ih<5 MMiiSifmitA HJ^ht ! 

A vi^ry ftitfiplu iukI irL^cnioiiH jilan of demonstrating the 
wnM of thit riiliii in Kvirfiripiiig food-particlcs into the mouths 
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trucbd in iluur movoinents, and (uxordingly wo see them 
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ftlwuyH to bo tin tho outlook, if one may so term it, for 
imtritivo luattorH. Sometimes when wo may be unable 
li» MOO tho cilia tlioniHolvos on account of their delicate struc- 
tuws wii may tUMuru nursolvos of their proseuco by noting 
tho ourivutrt thoy crotito. 

Tho stniotun* of tho Wl^inimaleules is of vcrj- simple 

and primitivo kiuiL Tho body consists of a miv?3 of soft 

l«\»topla*m— a* tho living substanco of tho lower animals 

and i>lant» is namevl ; but this matter U enviable of itself of 

v\»U5^tituting a distiui-t and i\>mi>loto aniuud form, and of 

xuAkiug up for it* want of stnicturo by a litondly annizing 

fertility of fttuctioxw. Thus it can dig^'s: foo.1 : Vor in the 

VtffrwMttttdcttle* «ud their neighlvur^ tho tVKKl-partioIes 

WWft iato ^ mouth «<> dis*.»lvtKl amid tho soft matter of 

ftftWIjr » wfeich they sow imKxldovL And althou^^h the 

MftMlimliw pofl8Q8» uo stomach or any other iuteruil or-r^ms, 

hfe pvotepbAm of th^ KKly servw ihem iu lieu of that 

■i«»ttWjn»c«8i«y apparatus^ and prv^aKs aad elaborates 

Ik. 
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We have also seen tliat the animalcules contract when 
initated or alarmed. A tap on the slide of glass on which 
they are placed for microscopic examination, initiates a 
lit^al reign of terror in the miniature state; for each 
animalcule shrinks up as if literally alarmed at the unwonted 
innoyation in its existence. This proceeding suggests 
forcihly to us that they are sensitive— if not in the sense in 
which higher aninials exhihit sensation, at least in much 
the same degree and fashion as that in which many plants 
are r^arded as being sensitive. And where sensation exists, 
analogy would lead us to believe that some form of appa- 
ratus resembling or corresponding to nerves exercising the 
function of feeling, must be developed in the animalcules. 
Tet the closest scrutiny of the bell-animalcules, as well as 
of many much higher animals, fails to detect any traces of 
a nervous system. Hence naturalists Ml back upon the 
supposition that the curious protoplasm or body-substance 
of these and other lower animals and plants, possesses the 
power of receiving and conveying impressions, just as in 
the absence of a stomach it can digest food. 

The last feature in the organisation and history of the 
bell-animalcules which may be alluded to in the present 
instance, is that of their development. If we watch the 
entire life-history of these animalcules, we may observe the 
bell-shaped heads of various members of the colony to 
become broadened, and to increase disproportionately in size. 
Soon a groove or division appears in each enlarged head; and 
as time passes, the head appears to divide into two parts 
or halves, which for a time are borne on the single stalk. 
This state of matters, however, does not long continue ; and 
shortly one of the halves breaks away £rom the stalk, leav- 
ing the other half to represent the head of the animalcule. 
The wandering half or head is now seen to be provided at 
either end with cilia, and swims freely throughout the 



M ANIMAL LIFE AND HABITS. 



surrounding water. After a time^ however, it settles 
down, develops a staJk from what was originally its mouth- i 

extremity ; whilst the opposite or lower extremity with its 
fringe of cilia comes to represent the mouth of the new 
animalcule. We thus note that new bell-animalcules may 
be produced by the division of an original body into two 
halves, whilst they also increase by a process of budding. 
Nqw buds grow out from the body near the attachment of 
the stalk; these buds in due time appearing as young 
Yorticellae, which detach themselves from their parent, and 
seek a lodgment of their own. 

The ' bell-animalcules ' present good examples of some of 
the lowest forms of animal life. They belong to a great 
class named Infusorian animalcules, from the fact that these 
beings occur in ^ infusions ' of animal and plant matter, and 
especially wherever such matter is freely exposed to the 
atmosphere. The stagnant pool is nothing more nor less 
than an ' iofasion * of leaves and plants on a large scale, and 
all forms of decaying or putrefying matter serve as a soil in 
which the Infusorian animalcules flourish and grow. To 
the question, ^ Where do the animalcules come from?' 
science has a plain reply to give. The atmosphere contains 
large quantities of the ' germs ' and adult forms of these 
beings, existing in a dried state, but only reqxuring to fall 
into some suitable place, there to develop into active Ihfu- 
sorians. The infusion of decaying matter is thus to the 
germs what a suitable soil is to the seed ; and little is it to 
be wondered at that life is so plentifully diffused, when we 
consider the manner and method of its distribution. 

The further examination of the fragment of pond-weed on 
which the bell-animalcules reside may probably result in the 
discovery of some other and nearly allied species of Infdr 
sorians. We are almost certain to meet with a very pretty 
form named CarcheduTOy which closely resembles its bell- 
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shaped neighbours, save in that the stalks are branched; 
whilst Epistylis is another graceful being, differing, however, 
from the bell-animalcules, in that the stalks are branched, 
but are not contractile. 

Close by, adhering to the weed we note an animalcule, 
shaped exactly like a trumpet, and ^whose margins are 
fringed with cilia which wave to and fro with great activity. 
It possesses a green body, coloured, it may be noted, with 
cJilorophyU, the identical substance which imparts a green 
hue to plants; so that the animalcule before us, and the 
cells of the weed to which it is attached, curiously enough, 
derive their colour from one and the same substance. The 
* trumpet-aninudcule * is the ' Stemtor ' of the naturalist ; and 
it must be admitted that as far as the shape and form of its 
body are concerned, it is worthily named after the cele- 
brated person of mythological fame, whose talents in the 
way of vocalisation were of such a marked kind. Presently 
we may note the * trumpet-animalcule ' to detach itself from 
the leaf, and we then observe that the cilia which, in the 
beU-animalcules and in the fixed Stentor, serve by the 
currents they create to draw food-particles toward the 
mouth, now act as swimming-organs, and propel the animal- 
cule by their vibrations quickly through the water. 

Bushing hither and thither through the miniature sea 
under the microscope, we may discern many different kinds 
of these animalcules. Here, for example, is the most familiar 
of them all, the Paramoecium, or * Slipper-animalcule' as it is 
popularly named, from the possession of a somewhat shoe- 
shaped body. The margins of this body are fringed with 
cilia, by means of which it paddles its way along amid the 
crowd of jostling neighbours; and when it rests for a 
moment from its wanderings, we can see multitudes of the 
little solid particles which float about in the water, swept 
into the mouth of the animalcule by the ciliary currents. 
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At one extremity of the liody of the animalcule we can dis- 
cern a clear round space. Fixing our eye intently upon 
this Bpace we see it apparently disappear, vhilst after an 
interval it leappeara; and the movements of contraction and 
expansion seen in this apace continue nninterruptedly during 
the life of the animalcule. This pulsating space is the 
' contractile vesicle ' (fig, 3, A, c, c) of the Infusorians. Its 
exact nature is stUl a matter of doubt, but in attributing 
to this space the function of circulating some fluid by its 
contractionB through the simple 'body, naturalists have prob- 
ably made a near guess at the truth. And this opinion 
receives support from the foot that in many of these animal- 
cules little canals or outlets have been seen passing from the 
contracting space outwards into the body-substance. 

Amongst the crowd of 
Glippe^animalcule3 which lie 
beneath car gaze, we can 
detect several exhibiting an 
apparently double shape of 
body, as if two small animal- 
cules had united at once their 
interests and bodies. A short 
study of these apparently 
doable individuab reveals an 
opposite state of matters ; since, 
i so far from there being any 
^ intention of effecting a union 
of interests, a process of sepa- 
; ration and divorce is proceed- 
\ ing. Soon the double body 
- reaolves itself into two dis- 
' tinct halves, each of which 
goes on its way rejoicing, to 
pursue life and life's affairs on its own account. We 




Hg. 2.— Diridon of Infusoria : 
At a parancBciuni begiiinmg to dividi 

vesicles;' B, Itae same funhei ad 
TaDced ; C, vertical division of iDfii 
fiomiD ; and D, another mode of lissioa 
E, an amccba undergoing division. 
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have in fact been witnessing once again the process of 
fission^ or multiplication by division, to use a somewhat 
paradoxical-sounding phrase. And if we scan the coun- 
tenances of the animalcules around, we may see this pro- 
cess represented in all its stages. In some the body is just 
beginning to exhibit a slight notch (fig. 2, A) ; in others the 
separation has proceeded to a greater extent, B; whilst in 
others again, the partnership is on the point of dissolution, 
C ; and the interested parties are about to bid a long and 
final farewell to each other. This process of the production 
of new individuals -by the division of a single form is not 
the least wonderful feature of these animalcules, although it 
may be noted that in animals of very much higher rank 
— such as the sea-anemones and corals — a similar manner 
of reproduction prevails. 

Making its way slowly along amidst the fragments of 
weed which impede its course, we can descry a peculiar 




"Sig, Z. — The Amoeba or * ProteTU-animaleale : ' 

a, yoimg Afnaeba, with five pseudopodia protruded ; 3, another and older specimen ; 

n, the nucleus or central particle of the body. 

shapeless and colourless being, which, as it moves, seems 
literally to flow from one shape into another. Movement 
in. this-case really means a constant alteration of the shape 
of the .soft, clear, jelly-like body, which may not exceed the 
vivth part of an inch in length. This is an example of 
&6 ^PlDotens-animalcule' — ^the naturalist agahi drawing upon 

B 
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the lists of mjrtliological heroes for a name, whicli in this 
case is expiessiye enough, as indicaidng the constant altera- 
tion of shape and form which the flexible Protens was 
bdiered to evince. More frequently, howeyer, the Proteos- 
animalcnle is named the AmoBiba, a name derived from the 
Greek for 'change;' and nnder this newer title we may 
therefore recognise the * Protens-animalcnle ' of former 
days. 

We note at once that this new candidate for notice differs 
from the beU-animalcnles, the sUpper-animalcnles, and their 
neighbours, in its power of pushing out the soft protoplasm 
or jelly-like matt^ of its body into finger-like processes. 
THien it moves, it thus pushes out a process of its body in 
the direction in which it means to travel, and the rest of 
the body flows, as it were, into this extended portion. And 
thus by continuous extension and contraction of its body 
it slowly moves amongst its fellows — a plastic, living speck, 
which ever and anon seems to fEule away into nothingness, 
and to reappear before the observer's eye. When a particle 
of food consisting, it may be, of a minute plant, or of some 
other denizen of its native waters, comes in contact with 
the amoeba, the latter launches out its soft body and 
literally ingulfs the morseL The amoeba exhibits, in short, 
the most convenient and primitive manner of taking food ; 
since it receives food by any portion of its body, and 
ejects indigestible matters similarly through any part of 
its substance. It is a simple speck of living jelly, pos- 
sessing no internal structures or organs, and yet living 
as perfectly, to itself and for itself, as the highest of living 
beings. 

Occasionally, too, the amoeba may exhibit the peculiar 
manner of producing its like, observed in the * slipper- 
animalcule.' More than once I have v^atched an amoeba 
stmnbld, as it were, across a fragment of pond-weed which 
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\xj in its path. The soft body waa next extended botti 
abova and below the obatmction, apparently in the hope 
of mumoanting the difficulty, but without success. The 
animalcolB was, however, equal to the occasion; for the 
portion of the body above the obstacle parted company 
with that below, and each half moved tiiamphantly away 
&om the spot, having converted a defeat into a veritable 
crown of success, in that two individuals weie thus pn>- 
dnced 1:^ the temporary difficulty of one. 

A fuither search amongst the contents of our phial may 
resott in the discorery of some animalcules of different 
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structure and of higher grade tiian the amceba and ite neigh- 
bours. In the year 1702, Leeuw^ihoek, a celebrated Butch 
nataialist, noticed that eome rain-traler wludh had collected 
in a leaden gutter sitoated at the fiont part of his house 
exhibited a red colour, and with the commendable curiosity 
fA true Bcienca resolved to investigate the cause of the 
unusual appearance. ' I took,' he tells ns, ' a drop of this 
water which I placed before the microscope, and in it I 
discovered a great number of animalcules. Some of them 
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red, and others of them green. The largest of these viewed 
through the microscope did not appear bigger than a grain 
of sand to the naked eye, the size of the others was gradu- 
ally less and less : they were for the most part of a round 
shape; and in the green ones the middle part of their bodies 
was of a yellowish colour. . Their bodies seemed composed,* 
he continues, ' of particles of an oval shape ; they were also 
provided with certain short and slender organs, or limbs, 
which were protruded a little way out of their bodies, by 
means of which they caused a kind of circular motion and 
■current in the water: when they were at rest, and fixed 
themselves to the glass, they had the shape of a pear with 
a short stalk. Upon more carefully examining this stalk, or 
rather this tail, I found that the extremity was divided into 
two parts, and by the help of these tails, the animalcules 
fixed themselves to the glass : the lesser of these appeared 
to me to be the offspring of the larger ones.* 

In such simple language did this worthy old naturalist 
announce the discovery of an entirely new group of animal- 
cules. In 1675, it is also interesting to observe, this same 
Leeuwenhoek had described the first 'bell-animalcule;' 
whilst his good fortune of 1702 has handed down his 
name to the present day as the discoverer of the * wheel- 
animalcules,' or Rotifera — ^the species which had coloured 
the rain-water in the gutter, being the common Rotifer 
vulgaris of modem zoologists. 

Our stagnant pools teem with these animalcules, and in 
many points their study assumes a deeper interest than 
that of the Infusorians. When we see a common * wheel- 
animalcule,* our attention is at once arrested by the curious 
spectacle of the animalcule's possessing a pair of revolving 
wheel-like organs (fig. 4, B, a, b) at its head-extremity. 
We notice that the wheel-like structures constitute its organs 
of motion, and that by aid of the apparently revolving cilia 
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— which are thus again brought under our notice — the-- 
animalcule paddles its way through the yielding waters. 
When alanned, it retracts or withdraws its wheels, but' 
expands them in all their activity when all cause for alarm 
may be presumed to have passed away. The tip of the-- 
body or tail-extremity is provided with a little forked 
appendage (fig. 4, B, m), the use of which is to moor or 
anchor the animalcule to fixed objects. In the latter case 
the active wheels, which had previously propelled the 
organism through the water, serve as food-providers, since 
they create currents in the surrounding water, and these 
currents come laden with food-particles which are quickly 
swallowed and duly digested. 

A closer study of the wheel-animalcules, however, would 
reveal to us the notable fact, that their revolving discs are 
wheel-like only in name. The appearance of rotating wheels, 
which forms so remarkable a feature in their history, is pro- 
duced simply by the ciHa with which the organs are fringed 
bending each in its tarn, and with unerring regularity. The 
organs do not revolve, and there is, in fact, no rotation 
whatever, represented in the case. The illusion presented 
to us in the present instance, resembles that seen on looking 
at a field of golden grain in autumn, when the wind sweeps 
across the surface, and by causing each stalk to bend in its 
turn, gives us the idea that definite waves of movement 
are passing over the field. The 'wheels' of the animalcules 
are as fixed and as stable as are the rooted stalks of grain ; 
the illusion so plainly discovered in the case of the corn-field, 
being as susceptible of explanation in the case of the wheel- 
animalcules. 

The largest of the Eotifers measures about the ^th of 
an inch in length, and many of these animalcules appear 
as veritable giants when compared with their Infusorian 
neighbours. But it is noteworthy to observe, that with 
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superiority in size has been developed a marked advance in 
structura Within the body of the * wheel-animalcules' we 
find not only a distinct stomach and digestive apparatus 
(fig. 4), but also a set of active jaws for breaking down 
the food-particles, a system of water-vessels, definite sets of 
muscles, and a nerve mass, of very large size when compared 
with the bulk of the body. The delicacy of their bodies 
may be better imagined than suggested or described, and in 
view of what still remains to be told regarding the wheel- 
animalcules, the possession of complicated organs only 
renders their biography the more curious and surprising. 

The astonishing fact has long been known that the wheel- 
animalcules, active and highly organised as they are, may 
be dried artificially, or naturally by the heat of the summer 
sun, from the water of the pools in which they live, and that 
in this mummified state they may be blown far and wide, as 
mere dust-specks by the winds. We may once again ask Leeu- 
wenhoek to relate his experience of the marvellous powers 
and qualities of his foster-children. In a paper on the Eoti- 
fera, contributed to the Eoyal Society of London, he says : 
* In October 1702, I caused the filth or dirt of the gutters, 
when there was no water there, and the dirt was quite dry, 
to be gathered together, and took about a tea-cupful of the 
same, and put it into a paper upon my desk, since which 
time I have often taken a little thereof, and poured upon it 
boiled water, after it had stood till it was cold, to the end 
that I might obviate any objection that should be made as 
if there were living creatures in that water. These animal- 
cula, when the water runs off them or dries away, contract 
their bodies into a globular or oval figure. After the above- 
mentioned dry substance had lain near twenty-one months 
in the paper, I put into a glass tube, of an inch diameter, 
the remainder of what I had by me, and poured upon it 
boiled i^dn-water after it was almost cold, and then imme- 
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diately viewed the smallest parts of it, particularly that 
which subsided leisurely to the bottom, and observed a 
great many round particles, most of which were reddish, 
and they were certainly animalcula ; and some hours after, 
I discovered a few that had opened or unfolded their bodies, 
swimming through the water ; and a great many others. that 
had not unfolded themselves, were sunk to the bottom, some 
of which had holes in their bodies; from whence I con- 
cluded that the little creature called the mite had been in 
the paper, and preyed upon the aforesaid animalcula. 

' The next day I saw three particular animalcula swim- 
ming through the water, the smallest of which was a 
hundred times smaller than the above said animalcula. 

* Now,' continues this quaint observer, * ought we not to 
be astonished to find that these small insects can lie twenty- 
one months dry, and yet live, and as soon as ever they are 
put into water fall a-swimming, or fastening the hinder 
parts of their bodies to the glass, and then produce the 
wheels just as if they had never wanted water. • • . Some 
of the bodies of these animalcula were so strongly dried up, 
that we could see the wrinkles in them, and they were of a 
reddish colour ; a few others were so transparent that if you 
held them up between your eye and the light, you might 
move your fingers behind them, and see the motion through 
their bodies.' 

What Leeuwenhoek saw at the beginning of the last cen- 
tury, naturalists have frequently observed since ; and we 
thus find that the peculiarities of these animalcules' con- 
stitution enable them to be dried, to be kept in this dried 
state for many months, and more wonderful still, on the 
addition of a little water to resume all the functions of 
life with renewed vigour. Not is this all. They may be 
exposed to a temperature of 104° F. without suffering any 
apparent harm; whilst dried animalcules have been sub- 
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jected to a heat of 144° F. with the same result. Dr Car- 
penter tells US that he dried and revived some of these 
animalcules six times in succession; and Professor Owen 
remarks that an animalcule was revived at Freihurg after 
having remained four years in a mummy-like condition. 

These astonishing facts find a parallelism in the case of 
the seeds of plants, which have heen known in some cases 
to have remained in a^l^y and parched state for lengthened 
periods «f yeafe-^<jases well exemplified by the mummy- 
wheat and mummy-peas obtained from Egyptian tombs, and 
by the reappearance of plants after an interval of many 
centuries. Certain seeds in one case, indeed, were buried 
imder the refuse and slag of some mines in Greece, which 
had not been worked since the classical period, and yet on 
the removal of the dihris sprang up into full vitality. 

The seed of the plant and the dried-up wheel-animalcule 
are said to exist in a ^ dormant ' state, but this statement 
brings us no nearer than before to the actual explanation of 
the why and wherefore of the curious conditions the animal 
and plamli are able to assume. One fact at anyrate is plain : 
the dried animalcule is certainly not dead; it is simply in a 
state of ^ suspended animation,' similar to that exhibited by 
the half-drowned man or dog. We may revive an animal or 
plant in which life still exists; but this process, it need 
hardly be said, is not equivalent to remtalmng or revivifying 
a dead being. But regard the present subject in whatever 
light we may, its consideration seems to add one more to 
the many puzzles which compass our own existence, and 
which invest the life even of a humble animalcule with an 
interest which none but the wilfully blind and ignorant 
can neglect and despise. The study of such subjects, indeed, 
alone can save us from the impeachment, patiently borne by 
no earnest mind, of 

Moving about in worlds not realisecL 
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ITH the history of those minute animals named 
Foraminifera, which form in all existing oceans a 
thick deposit of limy matter, most of our readers 
will doubtless he familiar. The accounts of deep-sea dredg- 
ing expeditions have been so frequently alluded to and com- 
mented upon in newspapers and magazines, and the recent 
voyage of H.M.S. Clidllenger has been so often described in 
the same media, that every one must have heard something 
of those minute organisms which, year by year, increase in 
importance in the eyes of the geologist, and of his scientific 
brother, the natural historian. With the history of tho 
Poraminifera and their neighbours, much that is both puzz- 
ling and interesting is bound up ; and it may prove instruc- 
tive if we glance, even in a superficial fashion, at the general 
relations of these curious little organisms. 

If we regard their position in the present system of 
zoological classification, we shall find them to be placed by 
naturalists in the lowest sub-kingdom or great primary 
group of the animal series. To this great group of animals 
the name of Protozoa has been given ; and if we wish to 
obtain a general idea of the nature of our Foraminifera, we 
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should most readily obtain tliat idea by defining tliem as 
usually minute animak, inclosing theii bodies in BbellB or 
more properly te»U, composed usually of lime, or sometimes, 
but more rarely, formed of grains of sand cementfld together; 
whilst some may be protected by a bomy coverii^. Tbey 
are tbus 'shelled' animals, is the sense, at anyiate, that they 
possess a covering rosemblii^ the structure we ordinarily 
Hhell ; ' and it is this shell, or more clearly. 




: 3. Open^ulina- 



the lact of their possessing bard parts, which has brought 
the Foraminifera so prominently nndei the notice of the 
geologist If we wish to procure them for iuvestigatiou, 
we may find them in abundance in all existing seas. In 
almoet sveiy region, and itoia veiy great depths, the dredge 
comes np loaded with these organisms, which constitute the 
greater hulk of the peculiar chalky ' ooze,' 01 mud, so 
familiar to the investigator of the deep seas. We may 
obttun these sbells upon oui own shores amongst the sand ; 
or we may find some species at low-water mark living on 
the tangle-fronds that border the rocks and stones. And 
in the rock-formations of the earth, which represent in 
themselves the worlds of the past, we may also find these 
oj^anisma in plenty. From the earliest or oldest rocks in 
which the fossilised remains of living things have been 
found, we may obtun Foraminifera; and they range through 
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the stratified rocks from these oldest beds to the present day. 
Sometimes, and in particular rock-systems, as we shall pre- 
sently notice, they attain a development which fairly startles 
us by its immensity; and it would thus seem that, as 
far as regards their distribution, whether in the past or in 
the existing world, the Foraminifera are almost ubiquitous. 
K we i-egard them as a class of living or existent organisms, 
we may no less be struck by the variety of form and shape 
which marks these forms. Thus we may find them appear- 
ing as minute spherical bodies — such as OrbiUina, so named 
from its rounded form. Some appear to possess equally 
simple forms, but exhibit a flask or bottle-like shape — such 
as Lagena — ^the ' flask-animalcule ' (fig. 5, 1) of the micro- 
scopist. Sometimes we observe this simplicity of form to 
be exchanged for shapes of compound nature. Nodosaria 
appears before us as a straight-shelled form (fig. 7, &), 
looking very much like a beaded rod. Some have shells 
coiled up in a spiral, d^ like the well-known nautilus shell; 
whilst others, such as the familiar Glohigerinay possess the 
segments of the shell disposed in an irregular manner. 
Lastly, some Foraminifera, of which the fisunous Nummidites 
(fig. 9) — so named &om their resemblance in shape to 
coins — ^may be cited as examples, exhibit shells of a still 
more complicated type of structure ; and we know of other 
forms, to be hereafter noted, which existed in large reef- 
like masses, and which present apparently at first sight 
little resemblance to their simpler neighbours. 

We may now, however, glance at the animals which 
inhabit and manufacture these shells. Primarily, then, we 
note the amazingly simple nature of the living organisms 
which are the actual Foraminifera; since we must certainly 
give the title itself to the living tenants, and not to the 
mere houses or shells. Each living Foraminifer consists of 
a simple^ minute speck of that peculiar substance named 
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sarcode or protoplasm, of which, in its simple and primitive 
state, and as illustrated by the animalcules, the bodies of 
the lower animals and plants are composed. True it is, 
however, that the bodies of all animals and plants high 
and low, man himself included, are composed of this 
same essential 'matter of life.' And biology gives the 
death-blow to pride of heart, when it truly asserts that 
the bodies of man and the monad are essentially made 
of the same material; which, in the case of the higher 
animals, has, as it were, been elaborated by the type and 
extent of development from the primitive material of the 
lower being, to form bodies of more or less complicated 
kind. 

The sarcode of the Foraminifera makes its appearance as 
a jelly-like substance, of reddish colour, devoid of all elabora- 
tion,* and exhibiting no traces of organisation or struc- 
tures of any kind. And we thus perceive that a minute 
speck of this organic matter is sufficient to constitute, 
of itself, a truly living being ; which, however apparently 
simple its structure and lowly its place in the scale of being, 
yet presents problems which mock the efforts of the most 
advanced science in its endeavour to solve them. Such a 
being not only eats and nourishes itself, and performs all 
the functions of its simple life, but, as we have already 
seen, may form a complicated shelL The lime of the sur- 
rounding water is thus laid hold of and secreted by the 
living matter, and in due time appears transformed and 
built up into the shape of the shell Thus effectually, 
silently, and unaided, does the humble animalcule accom- 
plish a work which would tax human energies beyond their 
utmost powers; and thus do we perceive, even in such a 

* The most recent researches, by Scholze and Hertwig of Germany, 
would appear to shew that the protoplasm of these minute organisms is 
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superficial study as the present^ the grand distinction be- 
tween the living and non-living world. An implied power 
of action, bringing into use the surrounding circumstances 
of its life, characterises the living being, wherever and how- 
ever it exists. And in the manufacture of its shell, each 
tiny Foraminifer possesses this wondrous power in common 
with the highest being that avails itself of its will and 
instincts to seek its daily food. 

The name * Foraminifera ' is derived from the Latin fora- 
meUf a ' hole ' or ' aperture,' and is applied to these* organ- 
isms in allusion to the apertures which usually exist in their 
shells, and through which processes of the soft living sar- 
code-matter of their bodies are pushed out. These processes 
are named by the naturalist pseudopodia (^ false feet '), and 
in Foraminifera they are of long, delicate, and interlacing 
kind (fig. 6). Microscopic observers have been able to detect 
that through the interlacing network of these pseudopodia, a 
circulation of the granules or solid particles of the sarcode is 
continually being carried on. Doubtless this circulation is 
connected with the nounshment of the living matter; and in 
some complicated forms of the Foraminifera its course and 
nature may become of a more intricate kind than that of 
the simple forms. In Foraminifera which possess shells of 
a porcelain-like structure, no foramina or apertures exist in 
the walls of the shells; the filaments or pseudopodia' being 
protruded from the mouth extremity of the shelL In the 
other chief variety of shell, which is of glassy structure and 
is accordingly named ^ vitreous,' the pseudopodia are emitted 
through numerous holes .in the walls of the shell. The 
obvious uses of these filaments are those of serving for the 
prehension of food-particles, and for the purpose of locomo- 
tion. Particles of nutriment are seized by them and drawn 
into the interior of the body, whilst by their contraction 
and extension the animals also move about. 
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^tli each other, and the saioode is thus continuous 
throTighont the entire shelL 

Having briefly glanced at the stractoie and living lehk 
tionships of the Foraminifera^ we may next note the inter- 
esting fiftcts which the natoialist and geologist have to tell 
ns lespecting theii distribution in space and time respec- 
tively. In the beds of all our existing oceans, as we have 
already lemarkedy we find the Foiaminifeia to form a thick 
layer or deposit, which, as time rolls onwards, tends to 
become of greater extent. Much discussion has taken place 
amongst naturalists as to the exact habitat of the Foramiur 
ifeia, and as to whether they inhabit tha deeper or more 
superficial waters of the sea. But as fas as the question 
has been authoritatively examined, the evidence would seem 
to shew that certain species inhabit deep waters, whilst 
others prefer the upper strata of sea. Thus the most 
familiar species of iForaminifera, namely the Globigerina, 
is a surface-living organism, and is obtained by the towing- 
net in plenty in a living state. Becent deep-sea dredging 
expeditions have thrown much light on many of the con- 
ditions of modem foramioiferal life; whilst dredging and 
soundiQg experiments first revealed to us the fact that life 
was represented at all in the sea-depths; and it is also 
extremely interesting to note that these beings were among 
the first-discovered inhabitants of the great depths of the 
ocean. The areas of the ocean traversed by warm currents 
are those in which the deposits of Foraminifeia occur in 
their most typical development. And thus the deep-sea ooze 
consists in greater part of the remains of modem Poraminifeza, 
which, as we shall presently note, become related in a 
striking manner to the development and life of their 
ancient representatives. 

The Challenger expedition, in particular, has thrown a 
vast flood of light on the distribution of the Foraminifera in 
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existing seas, and perhaps no more interesting point in their 
history can be mentioned, than that 'vrhich relates to the 
alterations produced on their shells at certain depths in the 
ocean. At depths of 2000 fathoms, the chalky ooze or mud, 
formed of the shells and debris of Foraminifera, retains its 
common and usual characters. When brought up from that 
depth, and examined by the microscope, we can recognise 
the QlobigerinsB and their neighbours ; the spines which the 
Globigerina shells possess when found alive at the surface 
of the water, having been broken off. In depths below 
2000 fathoms, however, the chalky ooze and its Foraminif- 
erous shells appear to undergo a singular change. At 2500 
fathoms depth, for example, the bed of the ocean is found 
to be covered by a red clay, which has apparently taken the 
place of the white ooze of the upper waters. This red clay 
further exhibits in its chemical composition a remarkable 
likeness to common clay; the limy matter of the chalky 
ooze having apparently been removed or altered. The 
explanation of this singular disappearance of foraminifeial 
sheUs from depths below 2000 fathoms has been supposed 
to rest upon the &ct that a peculiar chemical action is exerted 
upon the limy matter of the shells, when these sink below 
the limit just mentioned. This action, probably produced 
by the excess of carbonic acid gas, dissolves the shells, and 
thus completely destroys their identity. A certain propor- 
tion of the red clay, which consists of alumina and iron, 
is probably formed from materials derived from the earth's 
crust; but there seems every reason to believe that it in 
greater part represents the * ash * or residue of the foraminif- 
erous shells which have been dissolved by chemical action. 
Such a study, it may lastly be noted, helps the geologist to 
imderstand how it is, that in rocks containing abundant 
Foraminifera and other fossils, large tracts, barren and des- 
titute of the remains of living beings, should occur. The 
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petrified red clay would thns present us with a rock barren, 
of life, and yet allied to and continuoiia with rocka, which, 
as lepiesented by the petrified chalk-ooze, would contain 
abundance of foaails. 

If we now turn to the geol<^cal history of our Foramin- 
ifeia, we find these forms representing the first traces of 
animal life known to the geologiat. In the Laurentian 
rocka of Canada, aod lying towards the base of that eeiies 
of rock-formations, is a deposit of mineral matter named 
* Serpentine Limestone.' This deposit consiata of layers of 
clialky material, airanged alternately with bands of a mineral 
named serpentine or ' silicate of magnesia ' (fig. 8, A) ; and 
when the limestone liters are microscopically examined, 
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they are found to present a Btnicture of distinctly organia 
nature — that is, indicating their origin fi»m living beings. 
To this organic struoturo the name of Hozo'&a Canadeiae, or 
the ' Dawn of Life Animalcule,' has been given. And 6om 
a close examination of its structure, we are led [to believe 
that the £ozoon was a Foraminifer which grew in immense 
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reef-like masses, comparable, in their mode of growth at 
least, to the modem coral-ieefs. Appaieixtfy the shell of 
iEozoon consisted of a series of chambers arzanged in yer- 
tical tiers (fig. 8, B); the chambers themselTes being partly 
partitioned off or divided, after the &shion ire hare already 
noted in existing compound Foiaminifera; whilst commmur 
cations existed between the yazioiia tieis, e^ so that the 
sarcode or liying matter of this great colony was made con- 
tinnons thronghont its extents A pecoliar system of tabes 
or canals, d^ has been discoveied branching out within the 
layers of the shell, and this 'canal system' has its repre- 
sentative in the shells of living Foramhufsra also* 

Eozoon, which also occms in formations in Ireland and in 
Central Europe, thns represents the oldest traces of life with 
which we are acquainted ; and it is certainly bewildering to 
think of the immensity of the periods of time which have 
elapsed since the existence of the primitive Ocean in vidiieh 
the living Eozoon grew and propagated its reef-IikB masses. 
Geology, which has no historical or absolota cfazanokgy, 
refuses to set any ]i^;nit in years to that time, and 1^ 
question is one which periiaps, after all, and Kke the idea of 
space, is best left unanswered as belonging to the infmite 
itselfl Eozoon has one or two representatively in existing 
seas — at least in the mode of its growth. Two examples 
especially — CarpenteriOy named after Dr W. B. Carpenter, 
whose researches into foraminiferal life hare been of the 
most complete character, and Polytremay a branching Fora- 
minifer— exemplify this condition of aggregation in reef- 
like colonies or masses. 

Passing upwards in the scale of rock-formationsy and 
guided by the age of the deposits, we meet with many 
examples of fossil Foraminif erai. The Silurian rocks contain 
these shells very plentlfnlly in some localities; and one 
species — the weLUknown FfuuUna — forms by its extreme 
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deyelopment in numbeis, whole beds of limestone belonging 
to the Carboniferous or coal epoch in Bussia, and other parts 
of Europe. When we arrive at the Cretaceous or Chalk 
rocks, we find a stage in which fnraminiferal life must haye 
existed in greatest luxuriance. Uiecacraioas cliffs of the true 
or White chalk, nowhere seen ta gimliu' adyaxitage than in 
Albion itself^ are composed almost oiftiniy of fbraminif erous 
shells, many species of which are i e faaii eal with those of our 
existing seas. The white clif& cxf the south of England 
represent merely huge monuments d fbraminifend life, and 
cany our thoughts backward to an old ocean in which a 
deposit similar in kind to that taking place in our existing 
oceans, but of yastly greater extent, occurred. Thus we 
read the past by our knowledge of the present ; and if we 
turn to the existing state of affiEdrs, we could readily imagine 
that were the bed of our present ocean elevated and petrified, 
the foraminiferal deposit of to-day would come to resemble 
the ancient chalk. K we moisten a piece of chalk in water, 
separate out the particles, and microscopically examine them, 
we should find our fossilised chalk to consist of foraminiferal 
shells and fragments, exactly corresponding to such a deposit 
as we might prepare by similarly treating «>me ooze from 
our deep-sea dredge. In particular, the Globigerince would 
be seen in the chalk, indistinguishable &om those which we 
may procure in profusion &om existing seas ; and BotdHoy 
TexhUariOy &c., well known as living forms, are also to be 
seen represented by species in the chalk. So strongly have 
these fsEusts become impressed on the minds of some geo- 
logists, that it has been asserted that we are still living in 
the Cbretaceous or Chalk age ; although as viewed by other 
authorities, the remark is true in a restricted sense only, if 
indeed its truth can be admitted at alL 

Approaching relatively nearer to existing times, and 
coming to the newer rocks, we find in the Eocene rocks a 
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remarkable profusion of foraminiferal life. Here are found 
the Kummulites, lai^e forms, which may sometimes be 
foimd to measure three 




Kg. 9.-K1 



inches in circumference. 
These organisms form the 
rocks known by the name 
f the 2{ummulitic Lime- 
stone, which runs from 
the Pyrenees and Alps to 
the Carpathian Moun- 
tains; which is found in 
North Africa, and may ba 
traced from Egypt to Asia Minor, oud onwards through 
Persia, by way of Bagdad, to the mouths of the Indus. 
This limestone is also found — we quote from Lyell — in 
Cuteh, in the mountains between Scinde and Persia, and 
it may be followed out eastwards into India, Eastern Bengal, 
.and to the Chinese frontiers. In thickness, the Nummu- 
litic limestone sometimes rivals the older Chalk, and attains 
a depth of several thousands of feet. This great deposit 
is Kterally composed of Kummulites and of their dibris, 
massed together to form a solid rock,; and from this deposit, 
the stone of which the Pyramids are built was quarried. 
ITius in the history of the materials of which these atrange 
edifices are composed, no little share of romance and wonder 
may also be said to enter. The Kummulites consisted each 
of a complicated series of chambers or s^monts, developed 
in a spiral manner so as to form a flat coin-shaped structure, 
implicated arrai^ement of its internal 
1 the development of the ' canal system,' 
s occurring in Eozoiin. In the Eocene 
Eocks wa also meet with the Miliolite limestone, a deposit . 
which forms the ' basin ' in which Paris lies, and from the 
materials of which the houses of that city have been built. 



which exhibits r 
parts, particularly u 
already alluded to b 
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With living Miliolce we are well acquainted, and these 
forms, by their great development in the Eocene period, 
have thus contributed to give to man, by the aggregation 
of their shells, the material for beautifying his cities and 
dwelling-places. 

From the Eocene rocks to the deposits of our own day is 
a transition of comparatively slight extent, and we may 
therefore, with the history of the Eocene period, take leave 
of the Eoraminifera. "We may, however, conclude our 
study of these little organisms by a glance at some of 
their near neighbours, kno^vn as Radiolaria, The latter 
possess flinty shells, and in this respect differ from the Fora- 
minifera; whilst one can observe no structures exhibiting 
stricter mathematical or more regular outlines, or shewing 
forms of greater beauty, than some of these minute flinty 
shells. The Eadiolarians live at all depths in the sea, and 






Pig. 10. — Various forms of Eadiolarians. 

occur plentifully as fossils in certain rock-formations, such 
as the wrongly-named * Infusorial Earth ' of Barbadoes. It 
forms not the least puzzling point in the history of these 
animalcules to account for the power possessed by one little 
speck of protoplasm of manufacturing a limy shell from the 
water of the ocean, whilst a neighbour and almost identical 
particle secretes a flinty shelL This power of selecting 
materials is in fact one of the unexplained and truly diffi- 
cult points in the history of living beings. 

It is not always from the great things of science, or, 
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indeed, of life itself, that tiie most valaable lesaona are to be 
derived ; and the history of the Foraminifera may tend to 
shew how gieat a fond of thought and information lies hidden 
in the coneidastiou of a group of oiganisms which many 
might deem too insignificant to merit much attention. Such 
stadiea also afford a strong argument in &Yonr of natural 
science forming an element in the education of the young. 
The habits of observation and of legularity induced by the 
Btttdy of natnial objects, cannot be too highly valued or 
aTe^«(!timated aa serving to train the youth of both sexea in 
the nae of thorough method. Any one vrho daily sees the 
mnt of otdra and punctnality in the business of ordinary 
life, cannot but become a sincere advocate of any branch 
of education, vhich, in a pleasant and instmctave manner, 
may lead to the formation of habits of method and order 
in the young. And such studies, moreover, are also useful 
in encouraging a love for the beautiful and the true. It 
should form no insignificant part of the studies of youth, 
that they should be taught innately to admire whatever of 
beauty and good this world can he shewn to contain ; for, 
from their appreciation of such things, will in due time 
follow a sincere belief in the precepts of religion, and in the 
elements of morality — studies which are limited by no day 
or age, but which hold good for all time. 




GOKCEENINa SEA-ANEMONES. 



And here were coral-bowers, 

And grots of madrepores, 
And banks of sponge, as soft and fair to eye 

As e^er was mossy bed 
Whereon the wood-nymphs lie 
With languid limbs in summer^s sultry hours. 
Here, too, were living flowers, 

Which, like a bud compacted, 

Their purple cups contracted ; 
And now, in open blossom spread. 
Stretched like green anthers many a seeking head. 

UCH a description, poetic and ethereal as it may 
seem, is not by any means oveistrained, if applied 
to the scene which meets the observers eye as he 
peers into the clear depths of some rock-pool, which lies 
embowered in some rocky niche, and retains its calm waters 
nntil the next inflow of the tide. Such an observer may be 
said literally to gaze upon a world in miniature, teeming 
with life of almost every kind and grade. The dark waving 
masses of tangle and other sea-weeds may fitly represent the 
forest trees, and these are surrounded by sea-weeds of less 
sombre hue, presenting tints often of gay and pleasing 
kind. Each £rond of sea-weed seems to bear its quota of 
lifa Swift-swimming prawns with clear, glassy bodies. 
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dart in and out of the rocky grota like spectres. Here and 
there the slower crab sidles along ^th awWaid gait ; and 
even the finny tribes may be represented by Bome of tha 




smaller fry which find in the rock-poola at once a sea of fair 
dimensions, and a home secure from the turmoil of the ocean 
beyond. 

Ensconced securely on rocky ledges, and serving to render 
their anrroundings gay and varied by the beauty of their 
dress, the searanemones in such a scene present perhaps the 
objects of greatest interest to tho naturalist Southey's 
epithet of 'living flowers' conveys a most appropriate idea 
of the general appearance of the anemones of the sea ; and 
as fve may find literal forests of animals represented by the 
zoophytes, so we may behold the gay parterres and flower-plots 
of marine gardens in the commonest of the tenants of our 
rock-pools. Thus zoology gives some countenance to the 
poet's ideas that 

Seaa have — 
As well'as earth — vines, roaes, nettles, melons, 
Miisbroams, pinks, gillifloweis, aod many millions 
Of other plants, more rare, more strange than theee. 
As very fiaheB, Uving in the seas. 



CONCERNING SEA-ANEMONES. «1 

The reader who has visited an aquarium must have regarded 
with wonder and interest the literal zoological flower- 
show which the anemone-tank may be said to represent. 
Apparently rooted and attached to the rocks, we see beings 
of varied hues and shapes, but all agreeing in possessing 
soft fleshy bodies, crowned by circlets of delicate filaments — 
the 'petals' of our animal-flowers — ^and in possessing a 
central opening in the middle of the petals. This general 
idea of searanemone structure thus introduces us to a 
cylindrical body, fixed by one extremity, and bearing at the 
free or opposite end a mouth, surrounded by numerous 
feelers or tentacles. The appearance of these veritable 
animals is thus truly flower-like ; and it is perhaps not 
surprising to learn that their truly animal nature was first 
discovered only some hundred and fifty years ago. Prior 
to that period no doubt existed in the minds of naturalists 
that the sea-anemones and their allies were marine plants ; 
sensitive, no doubt, but plants nevertheless. The effects 
of this belief were well exemplified by the publication in 
1706 of the researches of Count Marsigli, a celebrated 
French naturalist, who described and figured the animals 
which manufacture the red coral as true flowers, each pos- 
sessing eight sensitive 'petals.' And as the coral-animals 
represent literal colonies of sea-anemones, Marsigli's ideas 
regarding the coral-* flowers ' applied equally well to the 
animals under discussion. Some twenty years afterwards, 
one of Marsigli's pupils, Peysonnel by nL'e. being sent to 
study the supposed coral-plants on the coasts of the Medi- 
terranean Sea, discovered that the coral-' flowers ' were in 
reality little animals ; and as the sea-anemones in 1710 
had been described as animals, Peysonnel compared the 
coral-animals, and very justly as modem zoology shews, 
to these more familiar forms. "We need not further trace 
out the history of the disbelief in PeysonneFs researches 
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which followed, save to remark, that the subsequent 
progress of investigation amply vindicated the correct- 
ness of his views, and elevated the sea-anemones and their 
neighbours for ever above the level of the plant-world. 
The relationship between the corals and the sea-anemones, 
as already remarked, is of the closest Mnd; and no 
better preparation for the study of the coral-polypes could be 
had, than by making the acquaintance of their more feuniliar 
representatives — ^the * living flowers' of the poet 

When we examine a piece of red coral in its living state, 
we thus find that the hard coral-substance exists within the 
sofb parts ; the hving animals covering the central coral as 
the bark invests a tree. This living bark consists of a soft 
skin, imbedded in which we And numerous little animals, 
each possessing a central mouth surrounded by eight fringed 
tentacles. Each coral-polype, in fact, not only resembles a 
litUe searanemone in its outward appearance, but corresponds 
with the latter in all essential details of structure. The 
chief differences between the sea-anemones and the coral- 
polypes consist, firstly, in the power possessed by the coral- 
animals of producing great colonies by a literal process of 
^budding;' and secondly, in the manufacture of the limy 
skeleton we term the ^ coral' — ^the sea-anemones possessing 
no hard parts whatever. Thus we may accept the anemone 
as the type and representative of the great groups of coral- 
producing animals, as fax as the nature of the living parts 
of the latter is concerned. And we also may note how 
erroneous ideas are spread regarding the nature of the coral- 
polypes, when they are named coral 'insects' and the like. 
The term ' insects ' as applied to the coral-polypes is seen 
to be quite inappropriate ; and it is to be regretted that it 
is used in any case to denote animals, which possess no 
relations whatever with the insects truly so called. 

With regard to the structure of the anemones, the nato- 
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ralist fincU that they poseees bodies of very simple kind, 
Hie rounded hody--wall encloses a space of similar shape ; 
and the central mouth (fig. 1 2, m) opening on tiie upper eui^ 
&ce of the body, is found to lead directly into a stomach-sac, 
«, irhich, cnriously enough, 
can be compared to nothing 
liker than a pocket vith 
the bottom cut oat. Tbie 
stomaeh'Sac hangs down in- 
to the interior of the body- 
space, /, and communioatea 
freely below with the latter. 
It is kept in its place by a 
series of partitions, b, which 
spring from the body-wall 
and run inwards to become 
attached to the stomach. 
Thus it will readily be un- 
derstood that, if we cut the 
searanemone's body across, 
we should find it to be com- 
posed of two tubes; the outer 
tube being represented by 
the wall of the body, and the inner tube by the stomach- 
sac; whilst the interrening space wonld be divided info 
a number of compartments by the partitions already 




Fig. 12. — DiMeetdon of Bea-uiemone : 

a, musculs- layer af body-wall ; ^» 

mcscDKry « pAJtidoa ; ec, m, layers 

of the body-wan ; ^ body-caviiy : 

m, moulb ; t, sOBOiinac ; t, t, ten- 



The tentacles, i, which surround the mouth are simply 
hollow upward growths of the body. Each tentacle is 
a simple tube, possessing a sncker perforated by a bole 
at its tip. The fiinctions of these fitructures may be 
readily ascertiained if any substance adapted to serve as 
food is brought in contact with them. In snch a case, 
, for example, by the act of an unfortunate 
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stray crab coining in contact with the tentacles, these organs 
are seen to seize the morsel by their sucker-like tips and 
to drag it by their contraction to the mouth, within 
which the morsel disappears; whilst the tentacles them- 
selves are tucked in within the same wide aperture. That 
the tentacles, as just remarked, are simple extensions of the 
body itseE may be proved by any one who causes an 
anemone to contract itself with some degree of force. In 
the latter case, the water contained within the interior of 
the body will be seen to be forced out at the tips of the 
tentacles, as well as by the mouth. 

The observation of an anemone's daily life reveals a 
series of highly instructive and interesting details. That 
the animals are highly sensitive, is not only a familiar but a 
most important observation. "We see this sensibility to 
outward impressions when we touch one of the tentacles. 
The slightest touch is sometimes sufficient to cause the 
whole of the tentacles to be withdrawn and folded inwards, 
whilst the animal comes to look like a conical mass of jelly, 
coloured of varying hues, but utterly unlike the graceful 
being which represented the placid undisturbed anemone. 
After an interval has been allowed to elapse, the tentacles 
will be gradually expanded, and once more with * unruffled 
plumes,' the anemone will throw its beauty open for admira- 
tion. Southey well describes the expansion of the sea- 
anemones, when he speaks of 

The living flower that, rooted to the rock, 

Late from the thinner element 

Shrank down within its purple stem to sleep, 

Now feels the water, and again 

Awakening, blossoms out 

All its green anther necks. 

The old proverb that ' familiarity breeds contempt,' would 
seem in a manner to be illustrated by the difference observed 
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between the sensitiveness of sea-anemones in the rock-pools, 
and of those which have been kept in an aquarium, and 
which have been handled more or less frequently. The 
author well remembers the case of two anemones which 
he possessed and kept in a small aquarium for about two 
years. At first, the anemones were highly sensitive to the 
slightest touch; but as time passed, they became, as it 
would appear, more familiar, and might sometimes be freely 
touched without contracting beyond a few of the tentacles. 
It is quite possible, therefore, that custom and habit may 
render even these lower organisms less susceptible to in- 
fluences and impressions, just as these conditions powerfully 
operate in inducing a sense of toleration in man. The 
anemones possess, however, more acute sensibilities than 
those evoked by touch. The sudden interruption of the 
light which has been playing upon them, as when the 
sunlight has been obscured by a passing cloud, will cause 
them to retract their tentacles. They are thus sensitive to 
light and darkness, and this fact may be explained by the 
knowledge that around the mouth we may find a row of 
little colour-spots, which we must regard as rudimentary or 
simple eyes. 

But unquestionably the most mysterious feature in the 
sea-anemone's sensitiveness consists in the fact, that these 
animals thus appear to feel, without possessing any means 
for exercising that sense. ISo traces of nerves are to be dis- 
covered in these animals after the most minute examination 
of their tissues by the searching powers of the microscope. 
And hence physiologists may find in the sea-anemones a 
text for a discussion upon the important question of 'nerves 
and no nerves, or the art of feeling.' The anemones are 
not singular in respect that they exhibit sensitiveness in 
the absence of nerves. Still lower animals, such as the 
zoophytes and their neighbours, the jelly-fishes, the hydrse 
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of our poiid% and other OTganisms, appear to feel and to 
exhibit initation, without possessing a nervous system as 
part of their organisation. And we know that some plants 
— of which the best known, perhaps, is the Sensitive Plant, 
which droops its leaves on being touched — ^appear to be as 
truly sensitive as the anemones and their neighbours. ThTi% 
firstly, sensation is not confined to the animal world j and 
secondly, in plants, and in many lower animals, sensitive- 
ness is thus noted to exist independently of the presence of 
any distinct nervous system. 

[N^aturalists are led to explain this apparent discrepancy 
between the powers exhibited by living beings and the 
structures with which they are provided, on the supposition 
that the tissues of the lower animals possess a general or 
difiPased sensitiveness which represents the definite nervous 
powers of higher animals. The expectation that every 
action of an animal or plant must be performed by distinct 
organs and parts, gave rise to an idea formerly much in 
vogue, that life itself was dependent on the presence of 
organs and structures ; or in other words, that an animal 
lived because it was organised. So far is this from the truths 
that we know of lower animals and lower plants which live 
without possessing any distinct organs or structures at all. 
A simple speck of living jeUy-Hke matter, such as the amoeb% 
is seen to constitute a living animalcule, which lives as 
perfectly in its own way as the highest of animals. And it 
is therefore, no more wonderful to think of a sea-anemone 
exercising feeling without nerves, than to reflect that an 
animalcule lives, eats, and moves without having any 
distinct apparatus to perform these functions. In short, 
we must guard against regarding animals as mere machines > 
since we frequently find in 'living beings a great disparity 
between the acts they perform, and the machinery which 
does the work 
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Similsfly in the jeUy-fishee, vhidi are very near neigh- 
Ixiuis of the sea-anemones, uo nerves hare been fonnd ; but 
very etcikiiig proofs of the exact nature of the sensitivenesa 
in these, animals have quite recently been afforded. When 
the margin of a jelly-fiBh was touched, the central month, 
which IB borne on a stalk, vas moved towards the point which 
was touched. Time after time, the stalked month indicated 
by its motions, its sensitivenesa to the exact point of tonch. 
"When on the other hand, a horizontal incision waa made 
in the soft body of the jelly-fish, and the body was touched 




Fig. 13.— Medusa or JeUy-flah : 

A, under msiace, ahewing the moulh id the centre, suirannded by the tentades ; 

B, ade-^ew, shewing the teoCacula hanging down in their oAtiual position. 

below the cut, the mouth moved in an irregular manner, as 
if in quest of information as to the point touched. In this 
case, the horizontal cut had destroyed the nervoua connec- 
tion between the mouth and the part touched, just as the 
division of a tel^raph-wire interrupts the communication 
between the stations it connects. And it would thus 
appear tiiat, although no distinct nerves can be shewn to 
exist in the jelly-Ssh, there must nevertheless exist very 
definite lines or tracks along which nervous impulses travel ; 
since, when these lines are intem^ted or broken, the nervous 
impulses are correspondingly affected. Like the anemones, 
the jelly-fishes possess little eye-spots, and they further 
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resemble their fixed companions in that they are sensitive to 
light. On a jelly-fish being suddenly exposed to light, con- 
traction follows; and it has further been determined that 
the margin of the bell-shaped body where the colour-spots 
exist> is that portion in which the sensitiveness to hght 
exists ; since^ when this portion of the animal was cut o£^ 
the body became non-sensitive to light, but the amputated 
j)ortion continued to be as sensitive as when it formed part 
of the jelly-fish body. 

Eetuming to our sea-anemones from this digression — 
which, however, has served to explain the nervous acts of 
these forms — ^we may next note that these animals are not 
permanently rooted and fixed to their rocky abodes. They 
possess the power of moving slowly along by contracting 
and expanding the fleshy base or root of the body. On 
the glass of an aquarium the track of a travelling anemone 
may sometimes be as plainly seen as the mark left by a 
crawling snail; and several authors have described them 
as also moving about mouth downwards by using the 
tentacles as feet. 

The brilliant hues of the anemones are developed within 
the tissues or membranes of which their bodies are com- 
posed. The brilliancy of these colours is only equalled by 
their variety; since they may be met with of all tints, 
from a pure white to a deep crimson; whilst variegations 
of orange, blue, and green are by no means uncommon. 
As every one knows, the presence of light is usually re- 
garded as being necessary for the development of colour both 
in animals and plants. It is exceedingly interesting, there- 
fore, to note that anemones obtained from deep water, and 
which live in abysses to which no light can penetrate, 
have been found to exhibit as bright hues as do their 
neighbours of the coasts. The Challenger expedition 
brought to light, from a depth of 600 and 2750 fathoms 
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respectively, anemones wliicli exhibited colours as briglit 
as those of allied species living in shallow waters. At the 
Philippine Islands one brilliantly-coloured species was found 
Hving under a tropical sun, whilst a closely related and 
as brightly decked neighbour was obtained from a depth of 
at least three miles — where not only light is absent, but 
where the temperature is that of freezing-point. These 
instances serve further to complicate the puzzle of life, and 
that of the similarity of animals existing under conditions 
of so varying a nature. 

The food of the anemones consists literally of all and 
sundry that comes in their way. Shells are frequently 
found amongst the indigestible materials ejected from the 
mouth, their tenants having been duly digested; whilst 
crabs form a large proportion of the food. Occasionally, 
when hungry or in an invalid condition, the anemones 
may be seen to turn the stomach inside out, so that it 
appears as a delicate whitish sac protruding from the mouth. 
The prey appears to be paralysed by the peculiar action of 
numerous little stinging cells named 'thread-cells,' with 
which the tentacles and tissues generally of the body are 
provided. 

Perhaps the most curious features in anemone-existence, 
however, are those brought to light by the study of their 
reproductive habits and phases. In the little fresh-water 
Hydra, a near relation of the anemones, new individuals 
may be produced by the artificial division of a single 
body. The hydra of zoology, in fact, derives its name from 
a kindred quality to that for which its fabled namesake was 
so famous. The sea-anemones exhibit similar features in 
their life-history, since they may be artificially divided in 
various ways, with the result of forming new individuals 
through the destruction of one. Thus, if an anemone be 
cut through from mouth to base, and the two halves kept 
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from uniting, a new anemone will grow out of each half; 
the cut edges of each half gradually closing up and muting. 
If the animal be cut across, a new mouth and tentacles will 
be developed around the cut edges, and the half left attached 
to the rock will thus come in time to resemble the former 
and uninjured state of the animal. "When cut obliquely, 
the animal will gradually repair the injury, so as to restore 
the symmetry of its parts. These fisu^ts have ,been long 
known to naturalists, and the author, from his own observar 
tions and experiments carried out upon anemones in their 
native pools; and watched from week to week, as well as 
upon specimens kept in aquaria^ can amply confirm the fstcts 
just detailed. 

Dr Johnston, author of the British Zoophytes, gives a 
singular instance of the power of the anemone to accom- 
modate itself to unwonted and peculiar conditions of its 
existence. An anemone, which had swallowed one of the 
shells of a large Scallop of about the size of an ordinary 
saucer, was on one occasion brought to this author. * The 
shell,' says Dr Johnston, * fixed within the stomach was so 
placed as to divide it completely into two halves, so that 
the body, stretched tensely over, had become thin and 
flattened like a pancake. All communication between the 
inferior portion of the stomach and the mouth was of 
course prevented; yet instead of emaciating and dying of 
atrophy, the animal had availed itself of what undoubtedly 
had been a very untoward accident to increase its enjoy- 
ment and its chance of double fare. A new mouth, fur- 
nished with two rows of numerous tentacula, was opened 
up on what had been the base, and led to the under 
stomach; the individual had indeed become a sort of 
Siamese twin, but with greater intimacy and extent in its 
unions.' 

Even more extraordinary than the preceding facts are 
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those whicli tend to shew that fragments of an anemone 
left attached to a rock after the animal has been rudely 
pulled away horn its attachment, will grow in time 
into new anemones. These organisms would thus appear 
to live truly in every part, and to possess a vitality of 
which man himself might well feel envious. Like 
most other animals, however, the anemones are capable of 
producing young ixorn. eggs; the eggs frequently under- 
going development within the parent-body, and the young 
anemones in due time escaping into the outer world through 
the mouth of the parent. Any one who keeps anemones, 
particularly in summer, in an aquarium, will note that 
periodically numbers of little anemones, some of them not 
larger than the heads of pins, appear in the water, and 
attach themselves to the sides of the glass. These represent 
the young and rising generation of anemones, and require 
simply to grow and to develop additional tenta,cles in order 
to resemble their parents in every particular. 

To speak of the longevity of sea-anemones may seem 
somewhat ridiculous, but it so happens that we possess the 
most reliable evidence that these animals, when duly 
tended and cared for, may Hve for lengthened periods. The 
most notable instance of a sea-anemone having attained to 
an advanced age, is that of ^ Grannie,' a specimen of the 
Common Searanemone {Actinia mesemhri/antJiemum) of our 
coasts, which was first taken ^m its habitat by Sir John 
Dalzell in 1828. This anemone produced 276 young in a 
period extending over six years. Between 1828 and 1851, 
* Grannie * produced 344 young; and in 1857, gave birth in 
one night to no less than 240 young. Since 1857, this 
venerable specimen has been in the possession of Dr 
M'Bain of Trinity, near Edinburgh, who kindly furnished 
the details of * Grannie's ' history to the writer. In August 
1872, this anemone produced thirty young, and in December 
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of the same year gave birth to nine young. In each year 
since 1872, at uncertain intervals, * Grannie' has produced 
from thirty to forty young anemones. In January 1877 
— the last brood, as we write — five young were bom; 
one of the five being four times the size of the others and 
feeding freely. More interesting still is it to find that one of 
this anemone's progeny has in turn produced three young 
anemones, and the title of 'Grannie,* originally bestowed 
through courtesy, has therefore , become a perfectly just 
cognomen. Some curious facts relative to certain 'mess- 
mates ' and companions of the anemones may be cited by 
way of conclusion to their biography. We shall discuss here- 
after the details of the curious relationship which seems to 
exist between a certain species of sea-anemone and a species 
of hermit-crab. Whilst no less strange and inexplicable is the 
fact that some large species of sea-anemones, living in tropical 
seas, aiford shelter and refuge to fishes which live in their 
interior, and swim in and out of the mouths of their hosts 
at wilL Another anemone . lives apparently on the best of 
terms with a little fish ; and this fish-guest has been seen to 
be enclosed within the body of the anemone, when the 
latter has contracted itself, without suifering any injury. In 
virtue of what favouring influences the fishes are protected 
from being digested as food, or what the nature of the 
association existing between the animals may be, science 
cannot tell. Such facts tend to shew, at anyrate, that in 
anemone-existence, as in human life, there are more things 
than our philosophy can explain. 




SEA-EGeS. 



1HE visitor to the sea-side must frequently in his 
lambles along the beach have picked up specimeas 
of the curious animals irhich are popularly known 
as 'Seareggs' and 'Sea-urchins,' The former name is 
applied to these creaturea when they 
are found cast upon the shore, present- 
ing the appearance of rounded or ball- 
fihaped objects (fig. 14), each enclosed 
within a hard but brittle limy shell. 
Whilst the term ' urchin ' is given to 
the same objects when they ate seen in 
their more natural and perfect state, 
and when the outside of the shell liter- 
ally bristles with spines. The name 
' urchin,' in fact, originally appKed to 
the hedgehog, has been extended to Shell of Sea-orchin : 
denominate the sea-eejra, from their "■ p'='« "iftout hoia; 
presenting the spiny appearance so 

familiarly seen in the common tenant of onr woods and 
liedgerows. Thus the ' sea-egg ' is simply the sea-urchin 
with its spines detached and rubbed off by the unkindly 
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force of the waves ; and tho animal thus popnlatly desig- 
nated, ia the Echinus of the zoologist, and belongs to the 
largo class of animala of which the Stat-fishes aro well- 
known representatives. 

The entire history of the sea-egg is of so cuiious a nature, 
that the most casual reader may well feel interested in the 
account of the animal's present and past life; whilst the 
feeling of mere curiosity to know something concerning 
the history of one of the most ' common ohjects of the 
shore,' should prompt every sea-side visitor to mate the 
closer acquaintance of the Echinus. 

Suppose that we begin our examination hy looking at the 
hard case or ' shell ' in which tho soft parts of the aEiinai 
are enclosed. We find, on referring to the development of 
the animal, that this ' shell ' actually represents the hardened 
shin of the animal, and that, viewed in this light, it closely 
corresponds to the shell of tho lobster or of the crab. If we 
break open the shell of the aearegg, we shall find that it is 
not composed of one solid mass of limy matter, but is, on the 
contrary, made up of numerous definite parts, the arrangement 
of which forma one of the most interesting and notable 
points in the searegg's structure. The shell ia flattened at 
each pole, and we can readily perceive that it is composed 
of rows of little limy plates, which are disposed in a regular 
manner from pole to pole, or after the fashion of the 
meridian lines on a globe. Counting the series of plates, 
we find the shell to be composed of twenty rows ; hut we 
may also perceive a difference between certain of the plates 
of which the rows are composed (%. 14). Thus we find two 
adjoining rows of plates, 6, which are perforated with holes. 
The next two rows, a, a, are not so perforated; whilst the 
third two rows possess holes like the first rows. We may, 
ia fact, proceed round the shell and come back to the point 
at which our examination began, with the result of finding 
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tliat we may group the whole of the twenty rows of plates 
of this carious limy box into two sets — ^those with holes and 
those without ; and we may further discover that there are 
five double rows of perforated plates^ and that these alternate 
with other five double rows which do not possess holes. 

Each little plate of the sea-egg*s shell may be most 
accurately described as being hexagonal or six-sided in 
form, but this shape may be more or less modified in certain 
regions of the shell. When the plates increase in size, so as 
to accommodate themselves to the increasiag growth of the 
animal they serve to protect, and of which they form part, 
the new limy matter is added to the edges of each plate ; 
this, new material being formed by a soft membrane which 
exists at the ^ sutures ' or joints between them. In all sea- 
eggs, save a few of the rarer species, the plates are firmly 
tmited together, so as to convert the shell into a rigid 
immovable casing for the animaL In the exceptional cases 
just alluded to, however, the plates may be less . firmly 
united together, or may be of very thin structure ; this con- 
formation giving a certain degree of elasticity, or even con- 
ferring a high degree of flexibility upon the shell. The five 
double rows of the shell which are perforated with holes, it 
may be remarked, are those, through the apertures in which 
the small ^ tube-feet ' of the animal are protruded. And it 
may also be noted that in some of the sea-eggs these per- 
forated rows do not extend from pole to pole of the shell, as 
in the common species, but are limited so as to form a 
rosette-like figure, on the upper surface or at the upper pole 
of the shelL This modification is well seen in a group of 
eeareggs, not tmcommon round our coasts, and which are 
popularly named ^ Heart-urchins ' from their peculiar shape. 

The outside of the shell presents us with some curious 
features; the zoologist's study leading him thus to note 
carefully points which fm ordinary observer would hardly 
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deem 'wortliy his attention. As we have already nmarked, 
in ite naturaJ and perfect state the shell of the sea,-e^ ia 
covered with spines (fig. 1 5, z, z), which in some c. 




Fig- 15.— Diagram of the Stroctnte ol 
a. Mouth, with jaws ('Luitem oC Aiistotle'): i, gaWa; c, sconuch ; ddd, 
inlHEine ; /, pcifotatcd plate ; g, saDd-caoal ; h, ambuUcral rbg ; k, voicIcA ; 

vsides ; ' r, iieiYL>Li5 lin^ suirouDding gullet ; s, t, two nervous tnialcs, the right 

by f, the cDuIructile heart ; iv, ar, two blood-ves&els, tadiaddg from the upper 
tiog; J, icprDductivc OEgan opening at >,- s, a, spines, with tbeir tubercles. 

the group of wtich Cidarta ia a well-known example — may 
attain a Tcry laigo Bize, and may appear ont of all proportion 
to the shell itself. When we examine the outer surface of 
the shell, we find it to he thickly etudded over with little 
rounded knobs or ' tubercles,' which are, if anything, most 
numerous on those parts or rows of plates which are not 
perforated ; and if we carefully study one of the spines we 
ahall find that it is hollowed out or is concave at its 
base. Clearly, then, the spines are meant to articulate by 
means of these hollowed or cup-shaped bases with the 
rounded knobs on the outside of the shell, and in each 
case a true ball-and-socket joint is thna formed. The 
spines are thus intended to be moyed, and they are not 
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only firmly attached by a ligament or band of fibres to the 
surfaces of their tubercles, but appear to be moved by 
special muscles, which form a thin investing layer on tho 
outer surface of the shelL The spines undoubtedly serve 
as organs of defence, but in some species they are employed 
as bonng-organs to scoop out holes in the sand, or shallow 
beds in rocks, in which their possessors lie snugly ensconced. 
The outer suiface of the shell also bears certain very 
peculiar appendages, known as * Pedicellarise.' These little 
organisms also occur on the outer surface of star-fishes and 
other members of the sea-egg's class, but regarding their 
exact nature and functions zoologists are still in doubt. 
The form of one of these Pedicellarians may be best 
imagined by figuring to one's self a small or minute stalk 
attached to the shell, and bearing at its free extremity two 
or three little jaws, which move actively upon one another, 
with a snapping motion. These little jaws can be seen to 
seize upon particles of food, and there is no doubt what- 
ever that they possess a life and vitality independently of 
the sea-egg or other organism upon which they reside; 
since their movements are seen to continue after the death 
of the animal which affords them lodgment. Some natu- 
ralists have regarded them as * peculiarly modified spines ; ' 
but the reasons or grounds for this belief are anything but 
clear, since it is difficult to imagine any reasonable explana- 
tion of the means whereby a spine, itself an utterly dead 
and inert structure, could acquire an active, living, and 
independent nature. By good authorities, who have not 
ventured to theorise so boldly, the Pedicellarise have been 
regarded as parasites of some kind or other ; and they may 
also possibly represent stages in the as yet unknown 
development of some organisms. Whilst, assuming them 
to be fully-grown beings, their function, as they exist 
on the shell of our sea-egg, has been supposed to be that 
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of seizmg particles of food, and of lemoving wasto or 
efiTete matters. 

The internal structure of the sear^gg shews its near relar 
tionship mth the star-jQahes iffe^esHsucumhers. The mouth 
(fig. 15, a) is the great oiifice which exists at the lower 
pole of the shell ; so that, as our sea-ogg crawls slowly and 
mouth downwards oyer the bed of the sea, or oyer the floor 
of its natiye pools, it can procure food without any yery 
great trouble as r^ards its conyeyance to the mouth. The 
internal furnishings of the body include a throat, 5, stomach, 
c, and complete digestiye system, d d d, along with a yery 
peculiar set of jaws or teeth, lying just within the mouth, the 
points or tips of the jaws being usually protruded from the 
mouth-opening. This arrangement of teeth is named the 
^ Lantern of Aristotle,' and comprises fiye conical pieces, so 
arranged together and so proyided with muscles, as to be 
perfectly adapted for bruising the searweeds and other kinds 
of nutriment on which the seareggs subsist. Their near 
neighbours the star-fishes do not possess any teeth, although, 
curiously enough, the tmarmed sea-stars prefer a richer 
dietary than that which contents their sea-egg neighbour%^ 
since they deyour large quantities of oysters and other 
molluscs. Our searegg possesses a heart, v, for circulating its 
blood, in the form of a simple tube; and although no 
distinct breathing-organs are deyeloped, naturalists belieye 
that the blood may be purified by being circulated through 
a delicate membrane which is named the ^ mesentery,' and 
which seryes to suspend and support the digestiye organs 
to the wall of the sheU. The fact that this membrane is 
richly proyided with the delicate yibratile filaments known 
as ' ciHa,' and that it is bathed in the sea-water containing 
oxygen, and which is admitted within the shell, would seem 
to fayour the idea that it constitutes the breathing-organ of 
these animals. 
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The searOgg is not destitute of means for obtaining some 
degree of knowledge regarding its surroundings; and it 
obtains its g^uardum of information through the same 
channel by which man is brought into relation with the 
world in which he lives — ^namely, the nervous system. The 
fiea-urchin possesses no structure corresponding to a brain — 
indeed, in all animals of its nature, the nervous system 
exists in an unspecialised or indefinite condition. We do 
not find, in other words, that development and concentra- 
tion of the parts of the nervous system seen in the highest 
groups of animals, and which enables these latter to form 
definite ideas regarding their surroundings, and respecting 
the world at large. A cord of nervous matter, r, surrounds 
the gullet of the searcgg, and £rom this central portion five 
great nerves are given off; one nerve-trunk, s, passing along 
the inner surfieu^ of each of the perforated double rows of 
plates of the shell, to terminate at the upper pole of the 
body. The only organs of sense developed in the sea-eggs 
appear to consist of five little * eyes ' of rudimentary nature, 
each consisting of a little spot of colouring matter and a 
lens. These eyes are situated on five special plates of the 
shell, developed at the upper pole or extremity of that 
structure. We thus remark that the parts of the nervous 
system, along with other portions of the sea-egg*s structure, 
are developed in a kind of five-membered symmetry— if we 
may so express it And it is a singular fact that not only 
throughout the sea-egg's class do we find the number five 
to represent the typical arrangement of parts and organs — 
as is well exemplified in the five rays of the common star- 
fish — ^but we also discover that this number is one exceed- 
ingly common in the symmetry of flowers. This fact 
apparently struck an old writer — Sir Thomas Browne — as 
being a curious and noteworthy feature of the star-fishes and 
their allies, since we find him inquiring ' Why, among sea- 



dais^ Xafccie dikfiT de£igihsedi infip? poxnisl' — ahlioogh 
to tliis soggesthre qncrr ibe kamed ani cceentdc anthor of 
tiie Beli^ Mwlici giTes no exan or sKfeidSKtoij replj. 

Hie moremaits of oar aoheg^g: aere eSected bj means of an 
a][^p«»siis vbicli £xms one of the siost noeewoithj parts of 
its stractoicu If a staiv&li be dropped into a roek-pooly it 
mar be seen to ^ide sIovIt bat easlr oTcr the bottom of 
the miniatizre sea in vhieh ve hare pliced il When ire 
examine the lover soi&ce of this aninudTs bodr, ^>^ ^ onoo 
pcReire the means wherebx iis laoTemenis are performed. 
Fos^ eTJsring in hundreds^ in the deep groore which urns 
akmg the nnder sar&ce of each rar^ we see the little tabe- 
feet or ambmlaicrvt, p^ each consiscing of a little muscular tabe, 
terminated in a siickez4xke tip. Br means of an i^pazatns 
of essmtiallT similar kind^ the sea-eg^: i$ enabled to crawl 
sIowIt ot« the floor of its habiiaL The tabe4eet existing 
to the nmnber of man j hondxeds in the se»«gg^ are pro- 
traded, as has abeadj been remained, thzoogh the holes 
PxiJsHng in each of the fire doable rows of perforated plates 
of the shelL The meehanibm of their protnisbn depends 
on the presence of a special srstem of Tess^ known as the 
^ambolacral ^ Tesselsy which carxr water to the Uttle fe^ for 
the poipoee of their inflation and dLstention. To this 
sjstem of Tessels our attention mar therefore be directed. 

Thos^ to begin with» on the upper sur&ee of the shell we 
And a single large plate> t\ perforated with holes like the 
lid of a pepper>box. This plate opens into a long tube 
called the ^sand-canal,' ^ — a name which is decidedly a 
misnomer^ ance the function of the plate resembling the 
pepper-box lid is to allow water to enter this tabe» bat at 
the same time to exclude particles of sand and like matters. 
The sand-canal terminates in a circular vessel^ A, which 
like the nerve-cord sorrounds the gullet; and from this 
central ring a great yessel, m> hke a main water-pipe^ 
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runs up eacli of the five rows of perforated plates in 
company with the nerve-cord. At the base of each little 
tube-foot is a little muscular sac or bag, and into these 
sacs the water admitted by the sand-canal ultimately 
passes. When therefore the sea-egg wishes to distend its 
feet for the purpose of protruding them through the shell- 
pores, and of thus walking by applying their sucker-like tips 
to fixed objects, the water in the little sacs is forced into 
the feet, which are thus distended. Whilst conversely, 
when the feet are to be withdrawn, the water is forced 
back, by the contraction of the feet, into the sacs, or may be 
allowed to escape from the perforated tips of the feet, so as 
to admit of a fresh supply being brought in as before. 

The development of the sea-egg may be briefly glanced at 
by way of conclusion, along with a few points in its eco- 
nomic history. The animal, solid and bulky as it appears in 
its adult state, is developed from a smaU egg, which gives 
origin to a little body usually named the * larva,' but which, 
from its resemblance in form to a painter's easel, received 
the name of Pluteus, This little body does not in the least 
resemble the sea-egg; it possesses a mouth and digestive 
system of its own, and swims freely through the sea. 
Sooner or later, however, a second body begins to be 
formed within and at the expense of this Pluteus-larva ; 
whilst as development proceeds and ends, the sea-egg 
appears as the result of this secondary development, and 
the now useless remainder of the first-formed larva is cast 
off and simply perishes. Thus the development of the sea- 
egg forms by no means the least curious part of the animal's 
history, and presents a singular resemblance to the reproduc- 
tion of the star-fishes and their neighbours. 

The mere mention of the economic or rather gastronomic 
relations of the sea-eggs may appropriately form a conclud- 
ing remark to the history of these animals. With our 
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Britisli prejudices in favour of eating only what our fore- 
feithers were accustomed to consider wholesome, it is not 
likely that the sea-eggs will appeal with success to be 
included in the lists of our cuisine. Yet on the continent 
these animals are much esteemed as articles of dietary, and 
even of luxury. The Corsicans and Algerians eat one 
species, whilst the Neapolitans relish another kind; and 
in classic times, when variety rather than quantity or 
quality was the chief feature of high-class entertainments^ 
the Ecliini were esteemed morsels at the tables of the 
Greeks and Eomans. Here, then, is an opportunity for 
another Soyer to tempt the modem cultivated appetite 
with a new and wholesome dish. Considering that oysters 
and lobsters are so highly esteemed, the seareggs but wait a 
suitable introduction to become, it may be, the favourite 
tit-bits of future generations. 

A wise philosopher — ^the great !N"ewton himself — ^remarked 
concerning the limitation of our knowledge, that we were 
but as children, picking up at most a few stray grains of 
sand on the sea-shore, whilst around us lies the great region 
of the unknown. Our present study may not inaptly be 
related to !N'ewton's comparison, since it serves to shew that 
even the brief and imperfect history of a stray shell picked 
up on the sea-beach may teem with features so curious and 
with problems so deep, that the furthest science may be 
tm.equal to the explanation of the one or the elucidation of 
the other. Whilst the subject no less powerfully pleads 
for the wider extension of the knowledge of this world 
and its living tenants — knowledge, which in every aspect, 
reveals things which are not only wondrously grand, but 
also * fair to see.* 
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lEW members of the animal world are more familiar 
to all thaa the various kinds of crabs which the 
searside visitor meets with in plenty in his stroll 
along the beach. Their queer, irregular gait, their pseudo- 
ferocious aspect, as with claws lifted on high they menace 
the intruder, and their curious habits and appearance, cause 
them to be regarded with interest by the ordinary observer; 
whilst to the naturalist the crabs present very many inter- 
esting points for cogitation, not only as adult forms, but 
even £rom their youngest infeuicy and &om the earliest 
periods of their existence. 

As members of the great Crustacean class, the crabs are 
provided, like their feuniliar neighbours the lobsters, shrimps, 
and prawns, with a hard outside skeleton or ' shell' This 
* shell ' — diJBferent in kind, it must be noted, from the shell 
of the oyster or mussel, &c. — ^is merely the outer skin of the 
crab, rendered hard by the deposition of limy matter ; and 
80 completely is this process of investment carried out, that 
we find the crab and his neighbours enclosed, even to the 
tips of their toes, in a hard sheUy armour. Cuiions deteib 
have been put on record by observant naturalists regarding 
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the periodical change of this shelly covering. For, like 
3ome veteran warrior tired of bearing his armour continu- 
iUy, we find the crab or lobster retiring periodically 
ko some sequestered spot, and there lying in a quiescent 
state, until the shell has become loosened from its attach- 
ment beneatL The body-armour is readily slipped off; 
but the operation of freeing the legs from their investing 
jhells appears to be attended with greater, and in some 
jases insurmountable difficulty. Occasionally, and notwith- 
jtanding all the efforts of the crab, portions of the old 
irmour will sometimes remain firmly attached to the new 
juit, and thus cause not only inconvenience and pain, hut 
ibsolute hindrance to the crab's progression. The old 
irmour being safely cast aside, however, the formation of 
;he new suit quickly takes place. Dame K'ature loses no 
iime in refitting the temporarily defenceless crustacean, 
^oon the new and soft skin-surface begins to secrete 
ime, and in a comparatively short period the crab comes 
brth, literally like a * giant refreshed,' and newly equipped 
n a coat of mail It may be noted that the process of 
lasting off the hard parts extends even to the stomach of 
ihe crab and to other internal organs. Thus the homy 
nside layer of the stomach is periodically cast off and 
•enewed, and the horny coverings of the eyes and portions 
)f the gills are also subjected to this recurring alteration 
md change. A crab increases considerably in size after each 
noulting; indeed, the real object of the process is to admit 
)f growth taking place. When clad in their armour, any 
ncrease in size is impossible of attainment ; and hence the 
noulting of the shell is to be regarded simply as a part of 
he ordinary process of growth in the crustaceans. Another 
jurious feature which has been observed in -crab-existence 
s the process of casting off the limbs, which these forms, 
.ogether with the lobsters, have been ascertained to exem- 
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plify. The sound of cannon or of thunder has, with every 
appearance of truth, heen alleged to cause the sudden separa- 
tion of one or more claws. The lost members of crustaceans 
are, however, capable of complete reproduction ; and although 
occasionally a crab may be detected literally 'stumping' 
about with a deformed claw, yet, as a rule, the severed limb 
is quickly replaced by a new and perfect member. 

The body of the crab corresponds, anatomically, to the 
head and chest firmly united together and greatly extended 
from side to side. If we compare the crab with the lobster, 
the chief difference observable between them is seen to con- 
sist in the possession by the latter of a long, jointed abdomen 
or tail. Hence the lobster is one of the Macrura, or * long- 
tailed ' crustaceans. But in the crab the tail or abdomen is 
also represented, though it must be confessed in a rudiment- 
ary condition ; and if we lay the crab on his back, we shall 
recognise the tail in the little conical appendage tucked under 
the body, and to which children give the familiar name of 
the * purse.' This * purse,' bearing a few * feet ' on its under- 
surface, is simply an abbreviated tail ; and on this account 
the familiar crabs are known as Brachyura, or 'short- 
tailed ' crustaceans, in contradistinction to their longer-tailed 
neighbours the lobsters, shrimps, and prawns. 

Amongst the more notable structural features which the 
crabs present are the stalked eyes, each of which, although 
apparently single, is in reaHty a compound organ, being 
composed of little spaces or * facets,' each containing the 
essential parts of-^n organ of sight. Then we find the 
* feelers ' or 'antennae ' also situated in the neighbourhood of 
the mouth and eyes. These, in all crustaceans, number two 
pairs, and are composed of a series of joints supplied with 
nervous filaments, and perfectly adapted to subserve the 
sense of touch, and, as some observers maintain, probably 
the sense of taste also. The mouth is admirably suited for 

E 
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biting pnrpoeeB, and is pTovided vrith a eeriea of poweifnl 
jaws by means of which the food is broken down and 
tritontted. And, snpplBmentaij to the jaws, we find even 
the walls of the stomach to be pToridsd with homy t«etl), 
adapted for the father diTision of the food danng its pas- 
sage tiuongh the digestive systenL Thrae teeth, also seen 
in the stomach of the lobster, give to that oigaa the appea^ 
ance fnniiliwr to childron, and which phili^inb imaginatiim 
has named the ' lady in the lobster.' 

The eaily life oi infancy of the ciab, like the developnient 
of the insect, is marked by a "verj distiDct seiieB of chaI^^ 
01 ' metamoiphosia.' So marked, indeed, are Hie changes 
of fcom which the ciab nndeigoes in the conise of develop- 
ment, that natoralista at firat gave distinct names to the dif- 
ferent Btagee, nndei the idea that they lepreeented distinct 
and sepaiate nnimala The yonng ciab, on leavii^ the eg^ 
thus presraitB itself as a cuiioos little fbna (fig. 16, a), ^n- 




tig. 16. — MetamorpbogCa ot Onb i 

a, YoinvtM Mage ronn or crab, known a> Ztfa ttlagka; h.taan tOraaadMt' 

o{a[itigalefa.]: c, advancedsUfeof^ 

vided with a grotesque head, somewhat of a helmet sbap^ 
which teiminates behind in a long peaked process, Tesembhng 
the end of a night-cap long drawn out. hi. front, this large 
head beais a pair of gieat lantem-Iike eyes, which, unlike 
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those of the perfect ciah, are destitute of stalks. And, 
finally, the hodj itself appears in the form of a slender 
jointed tail, hy the aid of which the little crab moves in 
acrobatic &shion, ' head oyer heels.' Foor pairs of appen- 
dages, representing the mdimentary limbs, are also developed 
in the Zoea, as this first stage is called j but these 1^ are 
nseless as locomotive organs, and are used chiefly to draw 
food-partides towards the mouth. The second stage of 
development, known by the name MegalopOy b, soon succeeds 
the first or Zoea-stage; and the crab now makes some 
approach to the likeness of the perfect form. The elongated 
lobster-like tail is still retained by the M^alopa, and con- 
stitutes as before, the chief agent in its locomotion ; but the 
eyes have become like those of the perfect form, and appear 
as stalked organ& The antennsB or ' feelers,' and the great 
daws, and ordinary legs are now developed ; whilst the 
body-piece itself becomes broadened, and bears a close 
resemblance to that of the adult crab. The third stage, ^ 
chiefly consists in the casting away of the tail, and in the 
assumption of the perfect form. The tail-appendage thus 
shrivels up and becomes of a permanently short and rudi- 
mentary nature ; the body grows still broader than before ; 
and the little creature — ^measuring in length only about an 
eighth of an inch or so — ^requires simply to grow in size 
to become recognisable as the ordinary and familiar crab. 
We thus observe that in its young state the crab possesses a 
tail resembling that of the lobster, and presents other points 
of afiBnities to its familiar neighbour ; these affinities, how- 
efver, in the adult state and as the process of development 
proceeds, being obliterated and lost. 

The group of * crabs,' popularly so called, includes very 

xnany interesting forms, which are distributed by the 

Jc^atnialistin diflerent divisions of the great Crustacean class. 

Hermit or Soldier Crabs are very familiar objects of 
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oni Bsa-coast— these cteatme% each ensconced in the cast- 
off shell of a whelk oi othra mollusc, being literal hermits ; 
-whilst it can hardly be said that they exhibit hermit-like 

dispositions, since &om their pugnacious combative instincts 
they as truly merit the title, ' soldieivcrabs.' In marine 




Kb. it.— Hennit'orsb in 

Mnovtd tnai Us ihsU, 

aquaria, or in those natural aquaria, the rock-poola on the 
eca-beach, the hennits may afford much amusement to 
observers. A small crab in a laige shell may frequently bo 
seen to be engaged in combat by a locger neighbour in a 
small domicUe ; the latter frequently succeeding in ousting 
his lesser companion &om the more roomy abode, and coolly 
ensconcing himself in the shell &om -which he has thus 
expelled the rightful tenant and owner. These crabs possess 
a soft abdomen (fig. 18), this structure leading them to seek 
protection in the shell ; and the hinder extremity of the t^ 
is provided with curious sucker-like feet, by means of which 
the animal retains a firm hold of the whorls of his habitation. 
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The crabs of foreign, and especially of tropical regions, 
exemplify several very remarkable forms. The land-crabs 
of Jamaica and other West Indian islands are so named 
from their terrestrial habits, for the pursuit of which the 
structure of the gills and breathing apparatus is somewhat 
modified from that of the ordinary sea^rabs. They inhabit 
burrows, which they excavate in damp or marshy situations, 
and appear to subsist on either animal or vegetable matter. 
A remarkable instinct leads the land-crabs to make an 
annual journey to the sea, chiefly for the purpose of deposit- 
ing their eggs. This migration is said to take place during 
the wet season, and immense hordes of these crabs may be 
thus met with, marching in a straight line towards the sea. 
Their march is effected chiefly by night, and they are said 
to be exceedingly destructive to the vegetation of the districts 
through which they pass. The negroes trap these crabs for 
the sake of the flesh, which is said, when well cooked, to be 
tender and nutritious. The cocoaruut crabs are so named 
from their habit of feeding upon these nuts. These latter 
are also terrestrial in habits, but appear to visit the sea more 
frequently than the land-crabs. The cocosruut crabs were 
supposed to climb the trees in search of their favourite 
£ruit ; but this supposition appears to be erroneous, and the 
more correct view is, that they feed upon the fallen nuts, 
which they open by first peeling off the fibrous investment, 
and then smashing in one end of the nut by blows from the 
great claws. The racing crabs of Syria present examples of 
forms which are able to run very quickly — ^these crabs being 
alleged to keep pace with a trotting horse. 

The Molucca or king crabs, inhabiting the West Indies, 
the North American coast, and the Eastern Archipelago, 
differ materially from the ordinary crabs, in the possession 
of a long, spinous, sword-like taiL They are thus known 
to the naturalist as Xiphomra, or ' sword-tailed ' crustaceans ; 
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ihi elongated «pme. being nBed by tbe nativea <rf lie 
Eertem Aiebipebgo to form epe<«p.lie»i». Tie "<"? " 
l»»«boe Aeped, and » eonvex abe™ and conoaTe beneatb. 
On lb. under eoita (% 19, A) we find twelve feet .of 




Tig. la— Eii^-onibe : 

A, Uldir-nir&ce of •King^nb' {Limutut fol^fkenaa); 
chal; f, feelers; d, operculum, covering the branchial Ol 

loimding the moutli; the fiist joints of these legs being 
armed with spines, so as to aerve the purpose of jaws, and 
to divide the food, which consists chiefly of fl T"'T"'\i mattei. 
The flaBh and eggs of the king-crabs are highly esteemed by 
the Javooeae as articles of diet; and hoga are said to be 
driven to the shore to feed upon them, the swine becoming 
adepts at securiog their prey by turning the crabs on tiieir 
backs, when, like turtles in like diftculty, they are unable 
to regain their proper position. The king-craba are now 
kept in most of our la^e aquaria, where they may be seal 
to crawl about in a alow manner, using the long tail as a 
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bind of l0Ter in shiftily from one position to another. One 
unfortunate king-crab, tenant of an aquariiun-tank, had 
throngli some accident lost hia tail, and was unable to boiat 
himself from one position into another. The attendant com- 
passionating the helpless crustacean, fitted a wooden tail to 
his body, but neglected to think of the consequences to the 
animal which ensued on its being thus equipped ; since the 
wooden appendage literally floated the crab out of 4^ ^^ 
ment, and placed the afflicted crustacean in a worse condition 
than before. 

If some of OQT existing ciabs might he esteemed of very 
large size, the geologist would convince us that the largest 
of our liying species must be regarded as 
i^ere pigmies when compared with some of 
their extinct and fossil neighboms. We t 
know of some species allied to the king- A 
crabs, for example, which most have 1 
attained a length of six feet or more ; the | 
Temains of these ciab^ionts being fonnd 
in the rocka known to geologists as the 
upper Silurian and Old Bed Sandstone 
formations. In ancient oceans, curious 
neighboura of our crabs, named Trilobites Kg. 20.— Calymcna 
(fig. 20), from the three-lobed form of the ^°^°'*'^- 
body, must have ciawled about in thousands, jud^g from 
the plentifdnesB of these fossils in the rocks, which represent 
the petrified bed and diiyns of these old seas. ' The Trilo- 
bites have completely passed oat of existence ; but the 
consideration of their immense development in the past, 
forms not the least interesting port of ciab-history, and 
tends to shew us that our existing ciahs have had a very 
long and ancient ancestry, and that they probably represent 
the modified descendants of lai^e, peculiar, and often weird- 
like ancestors. 
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structures belonging to the animal world are 
jftrGSi better known to ordinary observers than 'shells/ 
S^^gl It happens, however, that under this name several 
very different structures are included. A fishmonger, for 
example, asked to shew a customer his stock of ' shell-fish,* 
would place before the buyer such animals as lobsters and 
crabs, shrimps, prawns, and oysters ; whilst, presuming that 
his stock included the greatest variety of edible molluscs, he 
might produce in addition the plebeian cockles, mussels^ 
periwinkles, and limpets. A naturalist asked to classify 
after a scientific feshion the fishmonger's * shell-fish,' wonld 
place the lobsters, crabs, shrimps, and prawns on one side, 
and the oysters, mussels, cockles, limpets, and periwinkles 
on the other. He would inform the fishmonger that for 
commercial purposes it might be convenient to designate 
these animals by the common name of shell-fish, but that in 
a zoological sense, the one set of animals and their shells 
would require to be widely separated from the other ; inas- 
much as not only are the * shells ' of the one set different 
from those of the other, but the included animals are also 
of widely diverse kind. The oyster and its neighbours are 
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true shell-fisli or Molluaca; the lobster and its kind are 
termed shell-fish only by courtesy as it were. The * shell ' 
of the lobster is simply a hardened skin and nothing more ; 
the shell of the oyster being no doubt also a hard outer 
covering of lime, but possessing much more intimate rela- 
tions with the living body it contains, than that of the crab 
or lobster. The shell of the latter, as we have remarked in 
the preceding chapter, is further periodicaUy cast off, and as 
regularly replaced by a new shell, produced by the develop- 
ment of lime in the soft skin. Once formed, moreover, the 
shell of the crab and its neighbours does not increase in size, 
so that the growth of the body it protects has to take place 
during the period in which the new shell is being formed. 
In the oyster and its allies, on the contrary, the shell is 
attached by definite muscles and other structures to the 
animal's body, so that it cannot be periodically cast off^ 
whilst, as we shall presently note, it is continually being 
added to, and exhibits a defined and regular increase in size. 
The * shell-fish ' we purpose to consider, then, are the true 
Molluscs, of which the mussel and oyster, the snail and 
whelk, the cuttle-fishes, and the * sea-butterflies,' are the 
typical representatives. The oyster or the mussel, as a very 
familiar example of a true shell-fish, may be selected for the 
illustration of the popular history of these animals. Who- 
ever has tried to open an oyster, well knows the extreme 
difficulty experienced in gaining access to the delicate 
morsel within. And a very slight examination of the 
animal and its shell after the operation has been performed, 
would serve to shew that the chief obstacle which resisted 
the efforts of the knife, consisted of a bundle of strong fibres 
which connected the valves of the shell internally, roughly 
speaking, at about their middle. When this bundle of 
fibres is cut across, the oyster is rendered utterly helpless ; 
and any one who has simply tapped a living oyster as it lay 



k 



74 . ANIMAL LIFE AND HABITS. 

in the water with the shells slightly opened for bieatlmig 
purposes, must have formed some idea of the power of these 
fibres to close the shell, from the quick snap with which the 
animal brings the shells together. 

The bundle of fibres thus seen in an oyster simply repre- 
sents a single great w/usclef the fonction of which is to close 
the shell Hence this muscle is appropriately enough named 
the ' adductor.' Its fibres act precisely in the same manner as 
that in which those composing human muscles act — namely, 
through the peculiar property possessed by muscle-fibre, and 
which is named cantracHlUy. In virtue of this power, muscle- 
fibres can shorten themselves in obedience to some stimulus, 
and by shortening themselves they of necessity bring together 
the structures between or to which they are attached. The 
tap on the outside of the oyster^s shell represents the 
stimulus, which incites the contraction of the muscular 
fibres, thus producing the closure of the shelL Some shell- 
fish possess two of these muscles (fig. 25, bb; e e)y and are 
thus doubly provided in the way of protective apparatus. It is 
dear, however, that the muscle in the oyster can play no part 
in the reverse action of opening the shelL In the performance 
of this action a most economical arrangement is witnessed. 
Between the shells, and at the hinge or that surfitce by 
which the shells are joined together, a stout structure may be 
found in the oyster and its allies, named the ligament of the 
shell This is a highly elastic structure, and its elasticity 
forms the means whereby the opening of the shell is 
effected. For, as the ligament is greatly compressed when 
the shells are brought together by the muscles, it follows that 
when the muscles are relaxed, the elasticity and recoil of 
the ligament will force the shells apart. We thus note that 
whilst the closure of the shell is a muscular act and one 
involving a considerable amount of exertion, the opening 
of the shell is due to a purely mechanical arrangement, 
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aad is an action effected mthout trouble to the animaL 
When the shell is kept closed, the muscles are in a state of 
tension, since the elasticity of the ligament is opposed to the 
action of the muscles. But as the closure of the shell is 
not an act of frequent performance — ^the normal state of 
these animals being that of existing with an unclosed shell 
— the muscular power of the animal is thus husbanded, and 
the shell is kept open by the elasticity of the ligament — an 
action, as we haye seen, requiring no effort on the part of 
the mollusc, l^o better instance, perhaps, could be found 
than the present, of the economiced ordering of ^Nature's 
ways and works. 

But supposing that our oyster has been duly opened, we 
may gain some ideas respecting the shell and its manner of 
formation from even a slight inspection of its structure. 
Tiining the shell, and enfolding as it were aU the organs of 
the animal, a delicate soft skin may be readily found. This 
skin is therefore most appropriately named the ' mantle,' and 
we must regard it with interest, since it is the shell-forming 
organ. Every true shell is formed by the mantle, and 
although we may sometimes find shell-like things in animals 
secreted by other structures, these latter are not shells strictly 
speaking. Thus the Paper I^autilus — ^that most famous of 
cuttle-fishes — ^possesses a little, fragile sheU of paper-like con- 
sistence ; but this latter being formed by two of the arms 
of the creature and not by its mantle, is not regarded by 
the naturalist as a true shell, and therefore does not corre- 
spond in nature to the sheH of the oyster, or to that 
of other cuttle-fishes. Shells consist of limy matter, gener- 
ally combined with a greater or less amount of homy 
substance. The mantle therefore possesses power of taking 
lime from the sea-water, and of elaborating and building 
up this matter in the form of the sheU. The most active 
part of the mantle is its outer edge, or that next the margin 
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f the BheU. In this Bitaation, it is thicker than elsewhei^ 
nd here yra find the little glanda on which the wod 
if lime-foimstion depends. When the shell increases ia 
i*e, it grovB by new layeis being added to its outer edge ; 
he maigin <^ the mantle eimplj forming a new layer of 
imy material on the part of the shell which lies nest itself. 
knd an idea of the periodical increase of shells may readily 
« gained by an inspectioD of the outer soiface of many 
pecimens in which the legdar lines of growth may be per- 
«ived. The otiter suiface of the mantle, or that which lies 




Fi& 2L— Ear-sbelt or Haliofis. 
lext the inside of the shell, forms the delicate lining of the 
ihell, iamiliar to every one under the name of ' Mother-of- 
>earl.' The rainbow-like hues and lustres of this substance 
ire well seen in sucb shells as the ear-shells (fig. 21), im- 
ported in large quantities from the Channel Islands foi the 
jurpoBo of affording materials for inlaid-work. The lustre 
)f the shell-lining appears to be due to the presence of 
lumerous fine lines or ridges which refract the light, and 
sauae a play of colours, such indeed, as may be produced by 
Irawing a number of fine and closely-set lines across a sheet 
)f dull lead. 

The presence of this mother-of-pearl layer in ehells 
becomes of exceeding interest to us, when we consider that 
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&e growth of 'pearls' depeada upon the quality of the 
shelly layer which the mantle of aome molluacs is capable 
of forming aioimd solid puticles of matter. Fearla, in this 
light, are to be regarded as abnormal or tmnatoral forma- 
tions ; since they result from the presence of foreign particles, 
such as grains of sand accidentally introduced beneath or 
within the mantle-substance of the pearl-oysters and other 
molluscs. Around such foreign bodies, the mantle secretes 
QxB smooth pearly layer, presumably coating the intruding 
particle to lessen the irritation set up by its presence within 
the living tissues of the animal, and in duo time producing 
■what is justly considered, next to the diamond, the most 
&mous of jewels. It is thus curious to observe that Shak- 
speare, in nsing the expression, 'if all their aand were pearl,' 
has nnconaciously indicated the origin of the valued object. 




Fig. 32.— Snail 
That the pearl-substance is actually deposited around fomga 
todies is piored by the artful practice of the Chinese, who 
introduce substances &ven of comparatively largo bulk into 
the sheUa of pearl-forming molluscs, with the result of 
procuring a coatii^ of the pearly substance. Small metal 
im^es, thus covered, may he seen in many museums. 

One of the most important stnictuies found in molluscs is 
tbattermedthe'foot'{fig.25,/). The suaU (fig. 22) or whelk 
crawls on the broad surface formed by the foot; the organ 
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9UGb a oase being vei; appiapriately named. But in otber 

ill-fish, the foot Bssnmes a difEerent form and fimctdon. 

the cattle-fishea ve behold it tiansfonned into the drcla 

arms or feet which BUiroimd the head. In the oyitei it ia 

utll and nnifflportanl^ and bears no shore in the aDimBl'B 

je-hiatoiy; the oyeter being a stay-at-home and fixed cna- 

tuie. In the cockles (fig. 23), on 

the other hand, the &ot is nnqnei- 

L tionably the moet prominent object 

0. the body, and may be protroded 

^ to a great length ftam. the shell; 

the animal using the foot as a mns- ~ 

cnlat lerei^ «dA execating great leap* 

over the sand by its aid. The 

razoi'sbells, well loiown to eve^ 

Bea-side visitor, burrow so swiftly 

in the sand by means of the foot, 

as to defy the efforts even of the 

Kg. 23.— Cookie, wMi Bhoili espHi* <<< >lKirr"|i" to intercept them. 

«p™tod. shewing th. Foot, j^^^jy ^^ ^^ interesting W 

to which the foot of the shell-fish may be pnt, is that of 

manii£ictnring fibres which are used for mooring the animal 





Kg, 24.-Solan,orEaB)r-fiBli{SbIni»Ciffin»). 



to fixed objects. The 'beard' (fig. 25, e) of the mtusel 
presents a femiliar example of fibres formed by the foot, 
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and whoever has tded to detach mossels £rom the crevices 
of Tocka moBt have gained Bome idea of the streogth of 
these fibres. Ilie mussels may frequently he picked 
up on the sea-heach having attached to themselves stones 
and other objects, often of consideTable size and weight; the 
objects being bound veiy firmly together hy the fibres of 
the beard. 

The manner in which the fbot of the mussel mann- 
&ctiii«8 the 'beard' is somewhat similar to that in 
which the silk-fiecretioQ of the spiders and cateipillais 
is produced. A special gland exists at the base of 
- the conical pointed foot of the mussel (fig. 25, /) — this 




Fig. 2S.— Husdles of ghell-fikh [Modtola oi Hone-miiBBel) : 



organ somewhat resembling a ploughshare in appearance. 
^This {^and fisrms a fluid substance, which hardens by 
«sposuie to air and water, and becomes so tenacious that 
~ ^t can be drawn oat in the form of a fine thread. The 
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fluid being poured into a groove in the foot, sets in this 
groove as molten iron does in a moxdd. This first thread 
'being pulled ont of the groove by the retraction of the 
foot, remains attached to the organ, whilst other threads are 
formed in the same way so as to gradually fonn a bunch 
or 'beard.' An interesting example of the precept that 
' union is strength,' is afforded by the case of the mussels 
which live in the crevices between the stones of a long 
bridge of some twenty-four arches, built across the river 
Torridge at Bideford in Devonshire, near the junction of 
that river with the Taw. The Torridge river flows with 
«uch rapidity that when the bridge was first built it 
could not be kept in repair, owing to the mortar being 
washed out of the interstices of the stones. It was noticed, 
however, that those stones between which mussels had acci- 
dentally lodged, kept their places despite the rapid flow of 
the tide; and acting on the hint thus given by nature, large 
quantities of mussels were brought to the bridge and placed 
in the crevices, with the result that the stones were pre- 
vented from slipping, and were literally tied to their 
places by the * beards ' of the molluscs. Special legislation 
renders it penal for any one to remove the mussels from 
the bridge, unless under certain circumstances and by 
express permission of the trustees. 

It might hardly be deemed possible that the shell-fish 
could supply materials for the weaver; but the Pinna or 
Mediterranean mussel, a mollusc possessing two very thin 
liomy shells of triangular shape, actually affords a quantity 
of silky fibres from the beard, sufficient to enable the 
Sicilians to produce a kind of soft cloth. This material is 
-capable of being woven into gloves and stockings ; and it is 
notable that Pope Benedict in 1754 had presented to him a 
pair of stockings made of the Pinna's beard-materiaL The 
Pinna's secretion is said to be mixed at Taranto, in Italy, 
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Trith a1>ont a third of loal silk ; the material thna formed, 
being worked into gloves and similar articles. 

The form, shape, and size of sheila vary greatly. Be- 
tween a size which borders on the minute, and that of the 
Giant Clam, which may measure from foM to five feet in 
length, and weigh about five hundred pounds, we find many 
intermediate degrees ; whilst peculiarities in form aud shape 
are as plentiful ae are variations in size. Of the more 
extmoidinaiy forms which shells may assume, the ' Hammer 
Oysters ' present notable examples. In these creatures we 
behold an accurate representation of the familiar implement 
just named; the "borders of the shell at the hinge being 
ext^ided at right angles to the body, which corresponds to 
the shaft of the hammer. Amongst the whelks and their 
class we find many peculiarities of form. The ' pelican's 
foot ' shells are thus not unlike the objects bom which they 
derivetheii name; and the 'harp shells ' bear a resemblance 
to that musical instrument. Some are like spindles; others 
poBsesB appendages of comb-like nature (fig. 26) ; whilst 




Fig. 26.— Mntei teimijpin*, or 'Tenns" Comb.' 



helmets, elephants' tusks, and other kinds of teeth, spiral 
staircases, and even ' caps of liberty ' — the hcmnet rouge of 
the French — are to be found duly represented in the 
cabinets of conchologists. 

Little need (nr can be said in the present instance regarding 
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the commercial relations of shells. The oysters and other 
members of the group viewed in the light of dainties, and 
pearl-producers, alone afford employment to thousands of 
persons, and give origin to an important branch of industiy. 
Also important are those shells, such as the helmet-sheUs 
(Cassis) of the West Indies, from which the valued ^cameos* 
are cut ; whilst by savage nations the Httle cowries are used 
to represent a coinag& In ancient times the purple dye 
— ^the * blue and purple from the isles of Eh'shah ' — ^which 
made Tyre of old so famous, was obtained £rom a near 
relative of the feimiliar whelk. Doubtless these molluscs 
were included in the products of the * men of Tyre,' who, as 
mentioned in Scripture, 'brought £sh and all manner of 
ware' to Jerusalem. That once famous city is now in 
ruins ; but curiously enough, amidst the wreck that remains 
to mark its site, excavations were found in which broken 
whelk shells were contained, as if they had been pounded 
by the primitive dyers of the early times; and on the 
Tyiian shores at the present day the purple whelks 
still exist 

It might be thought that man had little to fear from the 
inroads of shell-fish upon his works. We have seen that 
the mussels contribute to insure the stability of his erec- 
tions, but certain nei^bours of the mussels cause dire 
dismay by the extent of their ravages upon human handi- 
work. These destructive habits, however, are not confined 
to the shell-fish. A little crustacean, for example, allied 
to the familiar wood-lice, and named the * wood-borer * or 
Limnoria terebrans, burrows in the wood of piles, and 
causes much damage to piers, dockyards, and similar erec- 
tions. The more harmless kinds of boring molluscs are the 
familiar * borers ' {Pholas) of our coasts, which lie ensconced 
in the burrows they excavate in rocks, and keep up communi- 
cation with the outer world by means of the long * siphons ' 
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01 breathiikg-tubes wMch protrude from one extremity of 
the sliell, Tiha means thereby these ehell-fiah are enabled 
to bniTotr in rocks of different kinds and varying d^rees 
of hsidneaa, were for loi^ xmdeteimined by natnialiets. 
Some natnialista broached the Idieoiy of a chemical boI- 
Tent, whereby the rock was gradnally diaaolred away ; but 
no such solvent could he found on examination of the 
animal A second party promulgated the idea of flinty 
particlefi contained within the soft parte, as representing the 




Kg. 27.— A piece of Eook bored by Pbolades. 

boring-apparatuH ; but an eiamination of the tissues failed 
to shew the presence of any such particles. The sheD of 
the ' borers ' was, however, overlooked in discussiona on this 
subject; but when duly examined, this structure, although of 
delicate toxtnre, was seen to be provided with rough file-like 
snr&ceB, which would perfectly adapt the shell for the work 
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of excavation. That this latter view is the correct one has 
been proved by the inspection of these animals when at 
work; the shell being then seen to 'be moved with a rotatory 
motion, whilst no doubt the currents of water, which aie 
continually passing in and out of the long breathing-tubes, 
materially assist in carrying off the refuse particles scooped 
out from the burrow. It may be remarked in passing, that 
the borers afford valuable evidence to the geologist of the 
elevation of land ; since, when their burrows are found in 
rocks and structures now existing far above the sea-level, 
the geologist is led to note that the land must have risen 
considerably from its former site. A well-known case in 
point, is that of the ancient temple of Jupiter Serapis, at 
Puzzuoli, on the Bay of Naples, on the pillars of which 
the burrows of these molluscs are seen. The pillars are at 
the present time elevated above the sea-level, but at one 
time — as proved by the presence of the burrows, and by 
other evidence — ^the land must have subsided, and must 
have carried the pillars below the sea-level ; a subsequent 
movement of elevation raising them to their present 
height. 

The most famous enemy of man which the ranks of the 
shell-fish contain, is unquestionably the Teredo or ship-worm 
— ^the calamitaa navium, * calamity * or ' terror of ships,' as 
Linnaeus long ago termed it. The teredo was formerly 
regarded as a worm ; the elongated body being composed in 
reality by the siphons or breathing-tubes being long drawn 
out. The animal is, however, a true sheU-fish, possessing 
two little shells at the front or *head' extremity, these 
shells, along with certain other limy pieces, constituting 
the formidable boring organs of the mollusc. The ship- 
worm thus excavates long tubular burrows in wood, and lines 
the interior of the tube with a smooth layer of limy matter. 
All kinds of wood fail under the attack of the teredo, the 
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liardeBt oak and softest pine alike ; and doubtless the Boften- 
ing action of the sea-watei amidst which the wood is 
immersed, may &ci]itate the operations of the w imftl . On 
more than one occasion the ship-worm has caosed fear and 
terror to reign within the hearts of a whole nation. The 
Goet of repairing the damage done annually to one wooden 
piere and shipping is by no means a light charge upon the 




national exchequer; but when, as in the case of the Dutch 
nation, the work of the ftT^imal threatens to inundate the 
land, the place and power of the teredo can then be bettor 
estimated. In 1731-32, the United Provinces woke to a 
knowledge of tbe alarmii^ &ct that the ship-worm had com- 
menced operations on the wooden, piles which support the 
' dykes ' or banks that keep the aea &om invading the land 
in the neighbourhood of Zeeland and Friesland. The 
destruction of the piles meant of course the collapse of the 
dykes, and the Dutch government accordingly beatiired itself 
and offered laige rewards for any successful plan of extermi- 
nation. Lotions, paints, solutions, and chemical applications 
of every kind were tried without avail, and despair had well- 
nigh seized npon the nation. After a time, however, the 
teredo appeared to abandon the work of destmctiim it had 
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80 persistently earned on, and peace was again restored to 
the mind of the terrified nation. 

\ The * other side ' to this apparently destructive action is, 
however, readily found in the consideration that these mol' 
luscs, by boring into and thus breaking up great masses of 
floating wood, serve to rid the ocean of vegetable accumula- 
tions, which, if allowed to settle in shallow waters, would 
render the navigation of coasts and rivers difficult or alto- 
gether impossible. The consideration of this latter aspect 
of the ship-worm's history, in fact, reminds us that fre- 
quently the greatest calamities and most untoward events 
may be shewn to be but blessings in disguise.. 

The shell-flsh, it may be* lastly mentioned, undergo a 
curious process of development; the young appearing at 
first as minute bodies, which swim freely through the water 
propelled by microscopic hairs or cilia. Thus the youthful 
oyster consists of a small body, which possesses a shell of 
its own, and a peculiar organ called the ' swimming pad,' 
by means of which the young oysters, or * spat,' as they are 
collectively named, swim through the sea sometimes to 
immense distances from the place of their birth. Ulti- 
mately, the little roving bivalve attaches itself to some fixed 
object, and begins its term of sedentary life. When it 
escapes from the parent-shell, the young oyster is of micro- 
scopic size ; at the end of one month it attains the dimen- 
sions of [a pea j in [six months it measures three-quarters 
of an inch, and a^year after birth an inch and a half in 
length ; whilst it may be said to attain its fall size when it 
has completed its third year of life. 




BUTTERFLIES OP THE SEA. 




WAY in the far north, of the Arctic regions, float- 
ing in myriads upon the surface of the northern 
seas, and constituting vast flelds of life, through 
which ships may sail for days and nights together, are found 
multitudes of small animals, to which the appropriate name 
of * butterflies of the sea ' has been given. To watch one of 
these beings pursuing its way through the waters by means 
of two wing-like appendages (fig. 29) springing from the 
sides of the neck, and to note the delicate body, enclosed 
in some cases in a delicate glassy shell, £, C, the compari- 
son or resemblance to the aerial insect is by no means far- 
fetched or strained. In their organisation and habits, these 
little organisms may be foimd to present some points of 
great interest even to the unscientific reader ; whilst to the 
naturalist they have ever afforded subjects of pleasant study 
and instruction. 

The position of the searbutterflies in the animal scale is 
of sufficiently weU-determined kind. They are Molluscous 
animals — ^that is, are allied to our ordinary shell-fish, such 
as oysters, mussels, &c., as well as to cuttle-fishes and allied 
beings. Their nearest relations are undoubtedly thewhelks, 
cowries, and other shell-fish, belonging to the great mol- 
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luscan class known to naturalists as the Gasteropoda ; and 
■whilst some naturalists regard the sea-butterflies as forming 
a distinct group of themselves, others, and 'with eveiy show 
of reason, maintain that the; should be placed merely as a 
branch of the Gasteropod class. The scientific appeUation 
of our sea butterflies is the Pleropoda — a name signifying 




Fig. 29.— Sea-butterflies : 
A, Dui£T3m of Putopod ; a, a, tin-lilic lobes or 'wings;' £ A, num 

ing ; c, moulh ', d, gullH ; r, stomach ; /, anus ; g, liver : k. A, gilh ; i, m, heart : 
n, nervous sysfcm. B^ Ckodsrn, and C^ Hyaian, two shelled spede^ 

' ■wing-footed,' and ■which is thus of expressive enough kind, 
when we consider the manner in which they flit over the 
■watery ■wastes. 

Besides being able to swim quickly and well by aid of 
their wing-like fins, the sea-butterflies can descend into ths 
ocean-depths, or ascend from these depths to the surface, at 
■wilL They appear further to come to the surface chiefly at 
night oc in the twilight; and as a natoralist has well 
remarked, each species or kind of these animals seems to 
have its own and special degree of darkness in which it 
ascends from the depths. Thus, did we know sufficient of 
the history of these little animals, we might be able to con- 
struct a Pteropod-clock by watchii^ the reapective hours of 
theii appearance at the surface of the sea; just as the 
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"botanist forms a * floral clock ' by watching the times of the 
opening and closing of flowers. 

Being ' shell-fish,' the Pteropods usually possess a shell ; 
this latter structure, it must however be noted, not being 
developed in all of these beings. A very beautiful, and at 
the same time most representative kind of sea-butterfly, is 
that known by the name of the Hyaloea (fig. 29, C), of which 
kind there are several distinct species ; and in this form, as 
well as in another well-known species called Cleodora, B, 
a shell is developed. The shell is seen to consist of a 
delicate glassy structure, somewhat triangular in shape, 
and of elongated form in Cleodora ; that of Hyalsea being 
composed of two plates united together, and forming a 
small shell of globular shape. The little head-extremity of 
the animal, provided with its * wings,* protrudes in each case 
from the front or open extremity of the shell. Another 
very familiar sea-butterfly is the Clio, which does not possess 
a shell, but appears as a little oblong body about an inch in 
length, and terminating in a lower pointed extremity. Tha 
wing-like fins, a, a, from the possession of which these 
animals derive their popular and scientific names, are formed 
by modifications of certain portions of the organ known 
in other MoUusca as the ' foot ; * and in the present instance 
we find an example of the adaptation of one organ to a func- 
tion widely different from that to which it is usually applied. 

No part of the structure of the sea-butterflies presents 
more surprising details than that of the head and its 
appendages ; the latter consisting of tentacles, jaws, and 
like apparatus, exercising the sense of touch and other 
offices. Thus, on each side of the mouth, c, of Clio, we 
discover three fleshy appendages, which at first sight might 
appear to consist of simple tentacles or organs of touch. 
When, however, we bring the microscope to bear upon these 
bodies, we note the interesting fact, that the surface of each 
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is literally studded over with numerous minute specks, 
wliicli, when more ftdly magnified, are seen to be of hollow 
cylindrical shape, and to contain each about twenty little 
suckers. These suckers may be protruded at will from their 
respective cylinders, so as to constitute an efficient apparatus 
for seizing and detaining particles of food. Thus if we 
consider that each of the six tentacles bears, on an average, 
about three thousand of the cylindrical bodies, and that 
each of the latter in turn contains about twenty suckers, we 
reach the enormous number of three hundred and sixty 
thousand suckers, as constituting the prehensile armament 
of a single Clio, itself of very small size.- And imagination 
may assist us in its scientific aspects better than any other 
intellectual process, in endeavouring to form some idea of 
the extreme delicacy of the muscles and structures whereby 
the protrusion and retraction of the suckers are secured. 

Two fleshy * hoods ' serve to enclose the tentacles when 
the latter are not in use and are retracted; and other 
filaments exist which may be used to subserve the sense of 
touch iu these forms. Within the little mouth of the sesr 
. butterflies, as also well exemplified in CHo, peculiar jaws 
and a curious ' tongue ' exist, for the mastication of food. 
Each jaw is a conical structure, which literally bristles with 
sharp spiny teeth; and the 'tongue' is likewise studded 
over with recurved hooks, which also aid in rasping down 
or triturating the nutrient matters. And as completing the 
alimentary apparatus of the sea-butterflies, we find a well- 
developed throat, d', stomach, e; a large liver, g} Ealivaiy 
glands, and other addenda; whilst a heart, A;, m, is also 
present, along with a system of blood-vessels for the con- 
veyance of the vital fluid through the body. The breathing- 
organs in some of these beings are well developed, and 
appear in the form of delicate gills, h, hy or analogous struo- 
tureSy which are sometimes, as in Hyalsea, enclosed within 
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a special chamber ; but iir others, such as Clio, the gills are 
apparently unprotected, and of indistinct nature. 

A very large * brain ' — or at anyrate a mass of nervous 
matter, n, corresponding in function to the great nerve-centre 
of higher Am'Tnala — ^is developed in the sea-butterflies, and 
can be discerned lying beneath the throat, and forming, in 
fisust, a kind of internal collar around the gullet. And 
nerves accordingly radiate throughout the body from this 
central mass, and supply the various parts of the organism 
with feeling and vital power. Especially, as we might ex- 
pect, do we find the delicate tentacles of the head to receive 
a large nerve supply ; and we may also note the presence of 
two eyes, situated on the back of the neck These latter 
organs are not of a very high order of development, but 
doubtless subserve the function of guiding their possessors 
in their marine flights, and are at anyrate sensitive to light 
It is very curious to observe, that, in the course of their 
development, the members of the higher class of the (Gas- 
teropoda already alluded to, at one period evince a strange 
likeness to the form of our sea-butterflies. The young 
whelks and their allies flrst appear on the stage of life as 
little free-swimming bodies, which move through the waters, 
each by means of a pair of wing-like lobes springing 
iiom the sides of the head. Observing such a form, we 
cannot but be struck with its close resemblance to the 
mature form of our sea-butterflies j a resemblance which 
is, however, wholly lost as the young gasteropod advances 
farther in its development to attain its adult stage. Hence 
many naturalists think that the development of the Gastero- 
pods proves these animals to be descended from ancestors 
or from a stage in which the Pteropod-condition was repre- 
sented; the sea-butterflies, in this light, being regarded as 
progenitors of or co-descendants with the Gasteropods from 
some other and lower type of mollusca. 
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The food of our sea-butterflies appears to consist of the 
more minute marine Crustacea, which with themselves 
haunt the surface of the sea. Thus these small beings exist 
on organisms of still lesser magnitude. But in turn the 
sea-butterflies form a large proportion of the food of the 
largest of animals— the whales themselves. Drawn in 
myriads into the capacious mouth of the Greenland whale, 
with the floods of water which the great monster of the 
deep from time to time imbibes, the searbutterflies remain 
entangled in the * baleen ' or whalebone plates of the jaws, 
and are thereafter swallowed as nutriment ; and the species 
Clio horealis, from this latter circumstance, becomes known 
to us under the popular name of * Whales* food.* Searbirds 
also prey upon the butterflies of the ocean, which thus con- 
tribute largely to the support of much higher forms than 
themselves. In the Mediterranean Sea, on the Australian 
coasts, and in the Atlantic Ocean, the sea-butterflies also 
occur, but not in such numbers as in the far north, whither, 
to the very home of the Pteropods, scientific enterprise has 
more than once advanced on a noble mission of discovery. 

Small as are all the existing representatives of the sea- 
butterflies, it may prove interesting to note in the last 
place, that, in past epochs of this world's history, several 
relatively gigantic members of this class appear to have 
been developed. In some of the oldest (Silurian) rocks, 
large shells of Pteropoda are discovered as fossils ; one 
extinct species, known as Conularia, attaining a length of 
about a foot, and a breadth of fully an inch — dimensions 
these, of 'giant kind, when compared with the shells of 
living sea-butterflies. And in more recent rocks, the small 
delicate shells of our living Cleodorae and Hyalsea may be 
found in a fossil state ; their fossil-history proving thus to 
us the ancient ancestry of the ' butterflies of the sea.' 



CUTTLE-FISH LORE. 




F late years cuttle-fishes have become quite estab- 
lished favourites in public opinion. They have 
been treated very much as distinguished strangers, 
and have accordingly been * interviewed * to a very great 
extent in our great aquaria by crowds of visitors, of popular 
as well as scientific tastes and pursuits. Indeed, but for the 
establishment of these great marine menageries, together 
with the sensational element in Victor Hugo's romance 
entitled Tlte . Toilers of the Sea, these interesting molluscs 
might to this day have been reposing in their ancient quiet 
and retirement, which, save for the unostentatious inves- 
tigations of zoologists, would have remained unbroken and 
undisturbed. Like Lord Byron, therefore, the cuttle-fishes 
have in a very short space of time awoke to find themselves 
famous. 

The place of the cuttle-fishes in the created scale is a 
matter concerning which much misconception appears to 
exist in the popular mind. We ourselves have heard a 
company of intelligent visitors gravely debating in front of 
the cuttle-fish tank in the Brighton Aquarium, regarding the 
nature of its tenants ; and so varied and erroneous were the 
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opinions expressed, that the recital formed a strong argu- 
ment in favonr of the necessity for the cultivation of natural 
science in our schools and by the people at large. The 
cuttle-fishes are very nearly related to our familiar oysters, 
cockles, whelks, and other molluscs. If a very homely 
comparison he permissible, we might appropriately designate 
any cuttle-fish as a kind of cousin to the oysters and their 
allies. Both animals are ^ shell-fish ' in the true acceptation 
of the term— only that the cuttle-fish in the great majority 
of cases has its shell enclosed within its body, instead of 
being an external and protective structure — and the bodies 
of both animals, with those of all other molluscs, are built 
up on one great plan of structure. The modifications of 
this plan which are seen in the cuttle-fishes consist in 

the special development of the head, 

which bears curious arms, feet, or 

tentacles, provided, in all cuttle-fishes 

except one, with suckers; whilst the 

body is enclosed in a soft muscular 

skin named the 'mantle,' this latter 

structure containing the gills, which 

number two or four. Another feature of 

the cuttle-fishes consists in the presence 

of a tube or 'fimnel' opening just below 

the head, on the front of the body; 

this funnel being used for the forcible 

p. go expulsion of the water which has been 

Common Sqtiid or ^ised in breathing. From the posses- 

Zo%o, a ten-armed sion of numerous arms or feet sur- 

cnttle-fish. rounding the head, the class to which 

the cuttle-fishes belong has been named Cephalopoda, or 

* head-footed ' mollusca. Linnaeus first applied this name 

to these creatures, and the term is still retained as a most 

appropriate and suggestive title for the cuttle-fish group. 
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Not the least enriouB part of cuttle-fish hiBtory ia that 
connected irith the atrDctnre of the suckers irith which the 
aims aie provided. Each sackei consista of a firm ring of 
cartilaginons material (fig. 31, a), enclosing a shallow cup- 
like apace, the floor of which is composed of muscular fibres. 
This Baddng-diBC ia perforated by a 
central aperture, 6, within which a 
muscular plug or piston, c, capable of 
being protruded oi retracted, is con- 
tAined. Such is the essential confor- 
mation of the suckers, and once grasp- 
ing this general idea of their structure, 
we shall find no difhculty in under- 
standing the mode in which these 
organs are brought into phty. For the 
adhedon of the suckers is efi'ected in 
Tirtue of a well-known natural law, 
fainilinrly iUustrated in the action of 
the leather sucker, by means of wMch Cuttie-fiBii 

the- achool-boy lifts large stones and 
other bodies of great or considerable 'B,'^,ti^^'o' 
weight In using the sucker, the boy imBguia, with 
presses the flat disc of leather on the ^^^^■nji^''rin^ 
ston^ and kneads it until he has ex- irai cavity -. c, pi 
haustedthe dr below the disc. In sKi-oiioftiieteniacK. 
other words, he produces a vacuum oi space unoccupied 
1:^ air, and the sucker is made to adhere firmly to the 
stone by the pressure of the superincumbent air or atmo- 
ephere which, as every one knows, preeses upon each 
square inch of surface with a pressure of about sixteen 
pounds. Similarly, then, to the mode of operation of 
tiie school-boy'a sucker, is the adhesion of the suckers 
of the cuttle-fish secured; only, in the latter case, the 
modus operandi is after a much more elegant and readier 
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fashion than in the school-boy*s simple experiment. The 
cuttle-fish has merely to apply the suckers, then to with- 
draw or retract the little muscular pistons, when a vacuum 
is at once produced in each disc, and the perfect adhesion 
of the suckers secured. Whilst, in order to release its 
grasp, the animal has merely to push up the pistons, 
when the vacuum is destroyed by the admission of air 
below the suckers, and the arms are thus once more set 
free. When we consider the number of the suckers — aver- 
aging, in the commoner forms, from one hundred and fifty to 
two hundred suckers or more on each arm — ^with which each 
tentacle is provided, and reflect on the rapidity with which 
each sucker can thus instantaneously be brought into play, 
we must admit that the grasp of the cuttle-fish is of the 
most powerfid and efficient kind. Kor is the simple struc- 
ture just described the only apparatus by which the 
adhesion of the suckers is procured. In some species 
represented by the * Hook Squids,' we find the margins or 
edges of the suckers prolonged into homy hooks^ which, 
like the claws of a cat, can, in certcdn cases, be protruded 
or retracted at will. 

The cuttle-fishes move about in a very active fashion, as 
any one who has attentively watched these ftTiinrn^lQ in an 
aquarium may testify. They crawl head downwards by 
means of the feet and their suckers, passing from rock to 
rock with the agility of acrobats. They can also propel 
themselves backwards (fig. 32) by means of the jets of water 
emitted from the * funnel ' already mentioned. This mode 
of locomotion exemplifies an exceedingly beautiful provision 
for making use of an otherwise useless commodity. In 
other words, the water thus used for the purpose of loco- 
motion consists of effete water, or that which has been used 
in the gills for purifying the blood of the creature, and 
Tfhich, instead of being simply ejected from the body, is 
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thus economised and made eabservient to the movement 
and locomotion ot these forma. The assertion of the wise 
man, that ' there is nothing new under the Bun,' finds in 
this hydraulia appaiatue of the cuttle-fish an apt illustca- 
tion ; since experiments in the propulsion of ships by 
Tater-power, cannot but at once and forcibly recall to 
mind the analogous means of movement in these forms. 




12. — Cuttle-fish {Sepia officinalis) : 

The Dppci figUR TeprescDts Ihc animsl in the acL aF swimining hickwards ; Ihfl 
lower figure, Ihfi ajiimal a.t rest. (Fram apecmiens at the Crystal Palace Aquarium 
in .S76.) 

Nothing, at anyrate, can he more elegant than the move- 
ments of these creatures in this latter mode ; and the author 
rememhers idling away — in a not unprofitable manner — 
a whole summer afternoon, watching a number of common 
cuttle-fishes or Squids propelling themselves over the 
anrface of a calm sea in the most graceful manner possible. 
The tip of the body, like the how of a ship, protruded just 
a]}ove the surface of the water ; whilst below, the head and 
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foimel were at work, and the tziangnlar fin tenninating the 
body also perfonned its part in serving as a front radder to 
guide and direct the way. The entire jnocess reminded 
one of a swift vessel, propelled by efficient apparatus and 
goided by a skilM crew. 

The possession of a bag or sac, secreting an inky fluid, is 
well known to form a characteristic feature of the cuttle- 
fishes j whilst the metaphor describing a Toluminous writer 
as a kind of human cuttle-fish or 'inkHsquirter/ is by no 
means inappropriate, whatever opinion may be expressed 
regarding its politeness. The cuttie-fiahy when bard pressed 
by its enemies, emits this jsikj fluid from the funnel ; and 
escapes under a literal doak of darknew^ produced by the 
rapid diflusion of the ink through the surrounding water. 
This iaci may have forcihly suggested to many of the 
classical poets the idea of causing their heroes to escape 
under the shadow of a protecting doud sent by some kind 
deity. And Oppian well describes the habit of the cuttle- 
fish in his lines : 

A pitd^ ink peenliar glands sappty. 

Whose rittdes tte ahirpest beam of I^^ deff . 

Parsaed, he Inds the saUe fowntaiiMi flow. 

And, wrapt in clouds, elades th' impending foe. 
The fish retreats nnseen, while self-horn night 
With pions shade hefriends her parent's flights 

The best known kinds of cuttle-fishes, and those which 
have been kept in our aquaria, are the genera Sepia, Loligo, 
Sepiola, Octopus, and Eledone. Of the first genus, tiie 
Mediterranean Sepia (fig. 32), sometimes found on our own 
coasts, is a very familiar species. The Loligos include the 
well-known Squids (fig. 30) ; and the Sepiolae are nearly allied 
to the Sepia itself. The Octopi are the most famous of 
aquarixun-inhabitants, and differ from the three preceding 
^iads in possessing eight arms only ; the SepisB and Squids 
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possessing ten arms, of which two are longer than the 
others (fig. 30), and are provided with suckers at their 
extremities only. The Eledone is .also an eight-armed 
cuttle-fish; and a very femiliar species of this genus 
is the Eledone moschata, so named fix)m the musk-like 
odour it emits. 

A peculiar, and at the same time rare — as far as regards 
the living animal — species of cuttle is the little Spirula (fig. 
33), the shells of which, named ' post- 
horns,' firom their resemblance to the 
French-horn of the old coaching-days, 
are cast up in thousands on the shores 
of Kew Zealand. The actual animal, 
curiously enough, is rarely met with. 
The Challenger expedition obtained a 
specimen of the spirula shell and its 
contained animal, in the dredge off 
the Moluccas. This specimen makes ^^* ''~ ^ 

the fourth perfect specimen which has been procured. It 
came up from a depth of 360 fathoms, and strange to say, 
appeared to have been swallowed by some deep-sea fish, 
and to have been vomited into the dredge as its captor was 
drawn upwards to the light of day. 

By far the most celebrated of the cuttle-fishes is the Argo- 
nauta Argo of the naturalist — the Paper Nautilus of the 
everyday reader — so called from the delicate nature of its 
shell, which, by the way, is not a * shell' in the true 
sense of the term. This structure is secreted by two of the 
arms, which are broad and flattened ; and hence it does not 
correspond to the true 'shells' which we have already seen 
to be secreted by the * mantle.' No animal has been more 
celebrated in fable, romance, or poet's song, than the paper 
nautilus. The ancient bardb, ever quick to trace analogies 
and resemblances; gave it the credit of first suggesting to 
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adrentnroQS man the idea of a ship and of Boiling on the 
flea. Oppian thas Bays that the 

Ship-like fiah the fntnn aeaman Unght. 
Then morUlB tried the shelving hull to slope. 
To nuu the mist, uid twist the stroiiger rope. 
Ifor was this idea altogether Inconsistent^ when ve consider 
the thoughts which engendered it We thus find Aristotle 
and Pliny telling ua that it floats on the suiface of the sea, 
using its six ordinary arms as oais, and the two expanded 
arms as sails. But these ideas have not heen confined to 




the anthers of olden times ; the poets of modem days have, 
in many cases, hut repeated the similes of theii piedecessois. 
Byron, for example, speaks of 

The tender nautiliu who steers hia prow. 

The sea-bom sailor of hii diell canoe, 

Xhe ocean Mab, the itixj of the tea. 
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Montgomeiyi the poet of the sea, describes the paper 
nautilus in the following terms : 

Light as a flake of foam upon the wind. 
Keel upward from the deep, emerged a shell 
Shaped like the moon ere half her horn is filled ; 
Fraught with young life, it righted as it rose, 
And moved at will along the yielding water. 
The native pilot of this little bark 
Put out a tier of oars on either side. 
Spread to the wafting breeze a twofold sail. 
And mounted up and glided down the billow 
In happy freedom, pleased to feel the air. 
And wander in the luxury of Ught. 

Or, lastly, we find Pope in his Essay on Man, advising us to 

Learn of the Uttle nautilus to sail. 

Spread the thin oar, and catch the driving gale. 

These quotations, then, will serve to prove the existence of 
the prevalent idea that the argonaut is literally a living ship 
and sailor. However beautiful the simile may be, science 
unfortunately cannot maintain its truth or correctness ; and 
in spite of poetical fancies, it must be declared that the 
argonaut never uses its webbed arms as sails, or its ordinary 
arms as oars ; and that it never floats thus on the surface 
of the sea, but crawls head downwards like any other and 
mundane cuttle-fish over the bottom of the ocean, or propels 
itself backwards in the water by means of its funnel and jet 
of water. The expanded sail-like arms of the paper sailor are 
in reality used to attach the shell to the body, and not only 
repair the shell when injured, but secrete and form it at first. 
The Pearly Kautilus forms the only remaining member 
of the group of which mention may be made in the present 
instance. The nautilus deserves notice principally because 
it links itself in a very striking manner with the past history 
of the cuttle-fishes. Its shell, unlike that of the paper 
nautilus, is a true shell, in every sense of the term. The 
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pearly nAutilnB etauds by itself in tiiia particnlaf, and in 
almost every other i-espect also. It exists as the sole bot- 
vivor of a race of cuttle-fislieB now only found as fossils in 
the lock-systems of the globe. It possesfiee font gills, whilst 




Fij. 30.— Paper NtntUtii : 
A. F*p« Nutilui lArfKHmla Am), ilwwinf the fuimet, und tha eipuidBiI mil 
c l atpi n g (be ihcU. Bj Ihe Argmattt removed ftom du ihelJ, And ibewras t^ 
expuided ■rmi. C, Male Argonaut dettiiute 0(11 iheU. 

all other living cuttle-iahea possess but two. It poaeeeaes 
numerous arms destitute of suckers ; all other living cutOe- 
fishes possessiug at most ten arms, and these are provided 
with BDckeis. It has no ink-sac, whilst all other living 
members of the group possess this gland j and lastly, its 
shell is divided into a number of chambers, and is of highly 
characteristio form and structure. Like ' the last of tha 
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Mohicans,' tlie nautiloe may be said to live in the past; and 
if the ideas of humanity are at all applicable to cuttle- 
fishes one might be disposed to think that its vary eingn- 
laiity might tempt it to wish itself numbered with its 




Fig. 36.— Pearl; Naatilaa : 
The 'Pearly Xautilui' {Naulilia Pn«piliui), with Uie shell in SMtion, and ihewine, 
a, upper fold of manlle or ' hood ; ' ^ dorsal foLd oT mude ; c, leataclea ; d, eye ; 
^ fimike] i g, one of Ihe partitions of the thelJ ; t, s, tiphimcle or tube piercing Lbs 
sheU-partitioDSp 

extinct and fossil neighbours. Its chambered shell affords 
lis a doe to its mode of growth ; since, in the early life of 
the animal, the shell consisted of but a single compartment. 
As its body grew and increased in size, its habitation became 
too small. It consequently set about adding to its house, 
and formed a second and larger chamber, shutting off the 
first apartment &om the newer chamber by a partition-wall. 
Similarly, when the second chamber became too contracted, 
and when by the exigencies of its growth it was forced to 
leave it, the animal constructed a third and still larger com- 
partment, and in like manner built a partition-wall between 
the second and third chambers. In this manner it formed 
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the cliambered shell, seen in section in the illustration. The 
chambers are not wholly shut off from each other, comnrani- 
cation betw^een the various apartments of this curious house 
being kept up by means of a tube or * siphuncle ' (fig. 36, «, «), 
running through the partitions between the chambers, and 
terminating in front in the body of the animal. The func- 
tion of this tube may be that of maintaining a certain* degree 
of vitality in the shell ; whilst the entire structure of chamr 
bered apartments doubtless serves to enable the animal to 
rise or sink in the water at will. The chambers of the 
shell, in all probability, can be filled with some gas or 
water ; this arrangement, by altering the specific gravity of 
the animal — ^that.is, by altering its weight as compared 
with the weight of the surrounding water — enabling it to 
approach the surface, or, on the other hand, to sink to the 
depths of the ocean. Locomotion in the pearly nautilus 
is effected by means of the ejection of water from the funnel, 
in a manner similar to that described in the case of its mora 
commonplace neighbours. 

The economic history of the cuttle-fishes shews us that 
these forms are highly esteemed in certain quarters of the 
globe as articles of diet. With our native proclivities in 
favour of solid and accustomed fare, we may be somewhat 
disposed to regard the cuttle-fish with little favour as an 
element of daily or even occasional consumption, but if 
trustworthy accounts are to be at all relied upon, we have 
yet to discover both a dainty and wholesome dish in cooked 
cuttle-fish. Among the natives of Southern Europe, the 
cuttle-fish is in high repute as a domestic viand. The ordi- 
nary 8epia of the Mediterranean may be seen regularly 
exposed for sale in the market-place of Kaples, and many 
other Italian coast towns. And the ITeapolitan housewives 
have a sure test of the freshness of their fish in the bril- 
liancy of its colours ; since, when decomposition sets in, the 
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delicate hues vanish, and the dullness of the colour proclaims 
the unfitness of the fish to be used for food. The Chinese, 
too, who, by the way, are not at all over nice or particular 
in the matter of diet, esteem the cuttle-fish as a high luxury ; 
and the ancient Greeks and Eomans appear to have accounted 
them in a similar manner. We are told, for example, that 
at a certain classical marriage-feast a dish of a hundred 
cuttle-fishes formed one of the chief items in the biU of 
fEffe. Indeed, one gourmand of old, Philoxenus, a poet of 
Cythera, was so fond of the cuttle-fish or Polypus (* many- 
feet'), as it was named by the classics, that he well-nigh 
killed himself by a surfeit of his favourite viand. The 
occurrence is weU related in the following lines : 

Of all fish-eaters, 
None, sure, excelled the lyric bard Philoxenus. 
'Twas a prodigious twist ! At Syracuse, 
Fate threw him on the fish called ' Many-feet.' 
He purchased it and drest it ; and the whole 
(Bate me the head) formed but a single swallow. 
A crudity ensued ; the doctor came. 
And the first glance informed him things went wrong. 
And ' Friend/ quoth he, ' if thou hast aught to set 
In order, to it straight ; pass but seven hours, 
And thou and life must take a long fareweU.' 
* I Ve nought to do,* replied the bard ; * all *8 right 
And tight about me. .... 

I were loth, howe'er. 
To troop with less than all my gear about me ; 
Good doctor, be my helper, then, to what 
Bemains of that same blessed " Many-feet ! *' ' 

Another classic poet mentions the most approved modes 

of cooking the cuttle-fish, and his ideas, freely translated, 

may be thus rendered : 

Good-sized polypus in season, 
Should be boiled — to roast them's treason ; 
But if early, and not big, 
' Boast them ; boiled, am't worth a fig. 
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The investigation of the domestic life and economy 
of the cuttle-fishes leveals some interesting and anoma- 
lous features as exhibited in aquaria. We some time 
ago received some interesting paiticnlais r^aiding the 
pranks of some octopi which lived in Dr Dohm's funoos 
aqnariom at I^aples. Three octopi shared a large tank 
with three lobsters; the six being original proprietaiB 
and tenants of the miniatnre sea. Any new-comei^ 
however nearly related he might be to either the cniB- 
tacean or cuttle-fish tenants, was invaiiably received with 
demonstrations of the most hostile nature. A lobster 
and octopus battle is certainly a novelty in the way of 
animal combats, but such a fight actually occurred in the 
Naples arena. A lobster-giant, who had previously exhibited 
his prowess in crushing with his great pincher-claws the 
skull of a turtle as easily as if the reptile's head had been a 
nut, was introduced into the happy &mily circle in the 
octopus tank. Immediately, the largest octopus gave battle 
to the crustacean ; the lobster, early in the fight^ seizing one 
of the soft, pliant arms of his opponent in his daws ; the 
octopus managing, however, after a time, to withdraw the 
captured member. Day by day the combat dragged out its 
weary length, sometimes one side being temporarily victorious 
— ^as when the lobster lost a large claw — and sometimes the 
other. At last the combatants were separated, the lobster 
beiDg placed in a new and unappropriated domain in an 
adjoining tank. 

K"ow comes the strangest part of the history; for the 
octopus, as if seized with the passion which, if exhibited in 
humanity, we should term one of ' dire revenge,' climbed ovar 
the partition separating the tanks in search of his enemy, 
and, having found him, proceeded to wage war anew. The 
result was most disastrous to the crustacean, for the octopus 
was found, we are told, with the lobster in his clutches^ 
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Efceially tozn into halves. ThuSy to natural ferocity, we 
find the octopus unites immense agility and a stolid per- 
sistence. This same cnttle-fish extended no sympathy to 
his own species; for when two others — ^in addition to the 
two who had from the first been his companions — were 
introduced into his tank, he chased them from the water, 
and forced them to take refuge on the dry rocks above. 
Another octopus, in a British aquarium, pulled out the 
ping of his tank, and brought death on himself and all his 
companions in a single night. 

Some interesting observations have been recorded regard- 
ing the propagation of these creatures. like other Molluscan 
forms^ they reproduce their species by means of ^gs. 
Some cuttle-fishes, such as the Squids and Sepiae, do not 
mount guard ovct their ^gs, which, like those of some 
molluscs, are enclosed within tough capsules, and are aggre- 
gated into masses known to sea-side visitors by the name of 
^sea^rapes,' and the like. The octopi, on the contrary, 
make a nest of large stones, and therein enclose and guard 
their ^gs — which, however, are not encased in capsules — 
with jealous care. The female is thus exceedingly careful 
of her progeny, and continually pours upon the eggs 
corrents of water from the ' fannel ; ' the presumed object 
of this latter procedure being that of keeping the water 
around them in a duly aerated state. The male octopus 
sqypears, unfortunately, to be afflicted with cannibal-like 
propensities ; for we grieve to learn that one of the chief 
cares of the anxious mother is to ward off the attacks of her 
unfeeling spouse, in his endeavours to make a repast of the 
developing progeny. 

As may be imagined, the cuttle-fishes are very well pro- 
vided in the way of organs of sense and perceptions. Their 
large prominent eyes are well adapted for acute vision amid 
their dull watery abodes ; and no less acute are their hearing 
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powers, for, although destitute of outer ears, they yet 
possess well-developed internal organs of hearing. The 
sense of touch may be subserved by the muscular arms, 
which may be made, as we know, to move with great 
rapidity, and in all conceivable directions. And as to 
the ' emotions ' of our cuttles, strange as it may be thought, 
their feelings of anger and of pleasure may be tolerably 
easily guessed at by watching, as in the human subject, 
the play of colours on their skin. Not only does our 
cuttle-fish blush, but he may literally blush almost any hue 
he pleases; this property of changing colour residing in 
the little colour-cells that He beneath the delicate trans- 
parent outer skin. By altering the position of these cells, 
various and rapidly-changing hues of colour are produced ; 
and the famous kaleidoscopic power of the chameleon is, in 
truth, thrown completely into the shade by .the talents, in 
this respect, of the lower cuttle-fishes. 

The development of perceptions and intelligence in the 
cuttle-fishes attains a higher stage than might at first sight 
be ; supposed. The * brain-mass* is large, and is enclosed 
in a kind of skidl, formed by a gristly box. Whether or 
not this brain may 'think' is a very difl&cult question to 
determine ; but we learn that in time the cuttles come to 
know and to recognise their keepers in aquaria, and may 
even exhibit symptoms of pleasure on the approach of 
friends. Fishes, and even those stolid emotionless reptiles 
the tortoises, come in time to know the hand that feeds 
them. And one can scarcely feel surprised that the active, 
wary cuttle-fishes should care to know the providers of their 
daily wants ; whilst the circumstance enlarges the applica- 
tion of Schiller's aphorism, that hunger is one of the powers 
that rule the world. 

In that certain members of the cuttle-fish group may become 
immensely developed in size over their ordinary neighbours, 
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and appear as veritable giants of their race, these animals 
present another point of remarkable interest. Stories of 
gigantic cattle-fishes, as every classical scholar knows, are 
frequently to be met with in the records of the ancient 
naturalists. Indeed, there are very few maritime countries 
in which, under some legendary name or other, the histories 
of giant members of this group may not be met with. The 
'Polypus* of the ancients, the 'Kraken' of the Scandi- 
navians, the 'Pieuvre * of the Channel Isles, and the ' Devil- 
fish ' of Victor Hugo, are all so many names expressive of 
a belief in giant cuttles, the size and powers of which, as 
may be guessed, are never understated in any of the stories 
or legends referred to. Until very recent times, naturalists 
were inclined to be sceptical regarding the truth or proba- 
bility of such stories. Stray examples undoubtedly had 
occurred now and then, of firagmentary portions, of what 
must have been at anyrate exceptionally large cuttles, being 
found. But it was often difficult, or even quite impossible, 
to separate the grains of truth which might be contained in 
any tale, from the copious husks and chaff with which the 
fertility of human imagination, together with the natural 
lapse of time and frequent repetition, invariably tend to 
surround the original germ or incident. Thus one may 
naturally be disposed to allow much for exaggeration, when 
we find Pliny of old telling us of giant cuttles ; or when the 
mediaeval De Montfort and Olaus Magnus write of the 
Northern Kraken, of which latter creature, the worthy but 
credulous Bishop Pontoppidan remarked, that it was ' liker 
an island than a beast.' 

In Captain Cook's first voyage, however, the remains of a 
giant cuttle were found; and parts of this specimen, pre- 
served in the Hunterian Collection of the London College 
of Surgeons, shew that its total length must have exceeded 
six feet. A very large specimen was met with in 1861 
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between Teneriffe and Madeira by the French corvette Aheton, 
the length of this specimen inclusive of the arms being 
estimated at about fifty feet But of late years the carcases 
of several very large cuttle-fishes have been met with off the 
coasts of ^Newfoundland ; and a photograph representing the 
head and tentacles of one of these specimens now lies before 
us. The tentacles op arms were ten in nTmiber in this case. 
Two were elongated, aij in the Squids, these measuring 
twenty-four feet in length. The eight shorter arms each 
measured six feet in length, and ten inches in circumference 
at their bases, where they joined the head. The ten arms 
were provided with about eleven hundred suckers ; and the 
eyes measured each four inches across. The length of this 
specimen — ^inclusive of the aims — was thirty-two or thirty- 
three feet. 

The question which at once presents itself to naturalists 
for consideration on inspecting such a form, is, whether or 
not it constitutes a new species, or is merely a giant member 
of an already known one ? The cautious naturalist would 
hesitate to construct a new species without satisfactory evi- 
dence of more marked deviation from any type than that 
afforded by mere size — always a delusive test with regard 
to animal structures. But the mere occurrence of these 
monster cuttle-fishes is in any case of exceeding interest^ as 
opening up a new field for discovery, which may in time 
tend to throw light even on the great * sea-serpent ' mystery 
itself. Why, if giant cuttles really exist, may not giant 
snakes also exist— largely developed individuals of the 
numerous species of sea-snakes known to exist in warm 
seas % Zoology, at least, offers no objection to the latter 
suggestion. And after all, in cuttle-fish history, as in most 
other things, the truth is certainly stranger than fiction. 

We have thus considered the present history of these 
forms; and it only remaios in the briefest possible manner 
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to allnde to tbs lustoif of theii past It is needless to 
rama^ how doeel; and inseparably the past bistoiy of living 
beii^ is boimd np with their present; and how, coureisely, 
the jestetdsy of these and all other forms, must and only 
can be read by the aid of onr knowledge of them as they 
esist to-day. Qeologically speaking, then, the past of the 
cnttl^fiahes ban been, as tax as the aniwiftlw tiiemaelTee are 
coDcemed, ezactfy the opposite of their present condition. 
la the seas of by-gone periods in onr earth's bistoiy, cattle- 
fishes swarmed in abundance, it k tone, but these old repre- 
aantatives of the gronp dlfiered widely from their modem 




relations. The cnttle-fishes of the past, and more especially 
of the eadier seas of onr world, possessed Una gills; and 
associated with this particnlar stmctnre, they possessed 
external shells, in many cases of beantifd symmetry and 
cnrions form (fig. 37). They resembled in essential strnc- 
ture the solitary Pearly Nantilos of onr own day — ^the only 
foar.gilled cattle-fish that has remained to represent the 
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many families of the past, Converaely, in the present day, 
the two^illed cuttle-fishes attain the maxinmm of their 
development ; though in future f^es it may be that these 
forma will repeat the history of their four-gilled neigh- 
bours, and be eacceeded by a new and still stranger laca of 
forms. The two-gilled cuttle-fishes, then, as compared with 
the four-gilled forms, are a very much younger hraiicli of 
the class. The former are totally nnrepresented in the 
oldest of the life periods into which the geologist divides 
time past ; whilst, on the other hand, the four-gilled forms 
make their appearance in some of the oldest rock-formations 
in which the remains of liviiig things hare been preserved. 
Strange it is to tbink that in a few years more, the Pearly 
Kautilus itself will probably repeat the history of its fossil 
relations, and will also be numbered among the forms of 
the past 





ON SOME ODD FISHES AND THEIR 
COMMONPLACE NEIGHBOURS. 




HEBE is no word more widely applied op more care- 
lessly used in the English language than the word 
* fish.' From being employed to denote peculiarities 
in man himself, under the designation < queer fish,' to desig- 
nating beings so low in the scale of creation as ' star-fishes ' 
and the like, the word has had attached to it very varied 
and equally diverse meanings. As naturalists, we certainly 
should limit the term to denote the lowest group of that 
great sub-kingdom of animals to which man himself belongs. 
This division every one must know as that of the Vertebrata^ 
a word which may be used in a popular sense, as corre- 
sponding to the expression ^ backboned ' animals. At the 
head of this group man and quadrupeds are found, whilst 
the fishes form the lowest class in the division. 

There are few groups of the animal world more interesting 
to the ordinary observer than that of the fishes. To survey 
the various forms and shapes presented by these animals 
as displayed in a great museum, should prove a sufficient 
incentive to gain a more intimate acquaintance with the 
class ; and when, even in a popular sense, we investigate 

the structure and habits of fishes, the study increases in its 

H 
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fascination and interest Whilst if we leflect that on a 
knowledge of the habits of fishes, of their distribution in 
our oceans and seas, and of the special products which many 
of them, offer for our use and luxury, the commercial success 
of our fisheries depends, it can need no further aigmnent 
to convince us that, after all, there is something of great 
practical benefit to be derived from the study of zoological 
science. 

It is not our intention at present to say anything 
regarding the commercial or economic aspects of fishes, and 
even their general habits must be very briefly touched upon. 
We rather aim at giving some account of the structure of the 
fishes, and at noting such peculiarities in their habits and 
life as may prove most interesting to our readers* Piimanly, 
then, we find that fishes may be recognised by having the 
body usually, but not always, covered with scdlesj of various 
forms and kinds. Then, secondly, we have the limbs re- 
presented by certain fivs ; and, thirdly, we find almost all 
fishes to breathe by gilU during the whole of life. These 
three points are, in the main, si^cient to distinguish fishes 
&om their higher as well as their lower neighbours. The 
scales which cover the bodies of fishes present great diver- 
sities in shape, size, and appearanca Some fishes thus 
exhibit an utter want of scales ; whilst others, like knights 
of 6ld, are encased in a veritable suit of scaly armour. The 
lampreys, and their curious neighbours the hag-fishes, aie 
destitute of scales ; and in our familiar eels, the scales are 
very small and insignificant. Such fishes, however, are 
amply compensated for the want of scales by the power 
they possess of throwing out from the skin a vast quantity 
of glutinous or oily matter, technically named mtuus. The 
presence of this secretion, which has given origin to the 
phrase * as slippery as an eel,' serves to protect the sur&ce 
of the body, and no doubt also assists in the easy progress 
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of these fishes thioiigh the water. So laige is the quantity 
of this oily matter wliich the Hag-fishes (fig. 45) can emit 
firom their body, that one form has received the specific 
name of glutinosa; the fish being able in this way to 
liteially convert the water of the vessel in which it is 
contained into a jelly-like mass. The familiar blennies, 
fotmd in rock-pools after the tide has receded, are also able 
to emit a large amonnt of this glutinous fluid. 

Illustrating the opposite extreme of the development of 
scales, we find such fishes as the Bony Pikes of 'N'orth 
American lakes and rivers, the bodies of which are covered 
with an armour of closiely fitting and overlapping scales or 






Eig. 38.— Scales of ilahes : 

A, 'Cydoid' or circular scale (SaImon)i B, 'Ctenoid' or comb-like scale (Perch). 
C 'Placoid' scale (Ray). D, 'Ganoid' scales from a fossil fish [AmblypUrta 
striatus) (Carboniferous) : a, Vi-ppet stuface ; b, under surface, shewing articu- 
lating processes. 

plates, named ganoid (fig. 38, D), £:om their shining appear- 
ance (Greek gptnosy splendour). The scales of this fish are 
said to be employed in the manufacture of the little 'mother- 
of-pearr buttons, so commonly used. Many fossil fishes 
(fig. 39) were also abundantly provided with these hard 
bony plates; and our living sturgeons (fig. 40) possess 
scales of similar nature, although in the latter|fishes they 
do not completely cover the body. The bright silvery 
scales of the herring and its neighbours are thin structures 
{fig, 38, A), and are very easily detached from the skin; 
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and a curioua form of scale Is seen in the perches (fig. 38, B) ; 

the hinder edge of each acale in the latter case being cot 
into comb-like teeth. In 
the sharks, skates, and 
lays, the scales are small 
^ and homy, and are often 
proTided with little spines 
(fig. 38, C). If we draw 
our band along the hack 
of a dog-fish from tail to 
head, as when we stroke 
a cat's back the wrong 

email projecting points, 
borne on the scales. The 
„ „„ „ . . rough skin surface thns 

Pig. 39.— PfericbihyB. 3 3 ■ t„ n 

prod need is frequently 

used nndei the name of 'sbagieeu' in the nutnu&cture of 
spectacle-oases and like articles, and is also employed for 
polishing the anrface of wood. 

In their general shape the bodies of fishes exhibit a great 
compression firom side to side, a rounding of the sides, and a 
pointing of either extremity, adapting the animals for easy 
progression through the water. Some fishes, such as the 
soles (fig. 41), flounders, plaice, &c., are named 'flat fishes' 
from the great flattening exhibited by theii bodies; 
although, at the same time, it is important to obserre 
that these fishes are simply more compressed from aide to 
side than their neighbours. Most persons, on looking at 
a sole or flounder, ate apt to think that one of the flat 
surfaces must represent the back, and the other the under 
surface of the body. This idea is strengthened by the 
fact that the so-called back-surface is dark, and the apparent 
under surf'ace light in colour, and because both eyes exist 
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on. the daTk-coloored snrfaca Tha^ however, the flat sui- 
jaces are really the sides o£ the fish may be Been by noting 
that tm each Burface a breast-fin is developed; tiiese fios 
being placed invaiiablj one on each side of the body. 




Fig. 40.— Stn^eoD {Acclpciutrtlurio), 
And whilst the eyes in early life are disposed one on each 
aide of the head, ia the position in which eyes are nata- 
rally dtoated, they are gradually brooght round to one side 
by the bones of the head becoming curiously twisted in 




fig. 41.— Sole (Soles mlgariii. 
the cotme of derelopment. Thus these fishes lie and swim 
on one side — ^that which is light-coloured — and present a 
most singular combination of curious and abnormal features. 
The fins of fishes constitute interesting features in their 
«Lruutunh Almost all fishes have two sets of fins — ^those 
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-which exist in paiis, and those which are tinpaiied, and 
which are developed in the middle line of the body. To 
the fonner class belong the two pectoral or ^breast-fins' 
(fig. 42, &), and the two ventral or * belly-fins,' c. The 
^breast-fins' correspond to the fore-legs of other animals 
or to the arms of man ; whilst the ventral fins conespond 




Eig. 42. — ^Flsh shewing the various fins : 

a, a, dorsal fins ; 3, pectoral fin of one side ; c, ventral fins ; d, anal fin ; e, caudal or 

tail-fin ; /, operculum or gill-cover. 

to the hind-legs or to man's lower limbs ; and these latter 
fins may be placed, as hind-limbs should be, to the rear of 
the body (as in sturgeons) ; or they may be found (as in the 
cod) placed beneath the breast-fins on the throat 

It may be asked, How do we know that these two pairs 
of fins represent the limbs of other animals % We reply, 
because when we investigate their stmctuie we find them to 
be supported by a bony skeleton, the vanous portions of 
which correspond to those existing in the skeleton of the 
limbs of man or other vertebrates. And it is only throngli 
this important principle of tracing oat what are known as the 
homologies or resemblances between parts, and by looking 
at and comparing their structure, that we are enabled to 
find out the real nature of many organs in animals ; siixultf 
organs frequently existing under very different and vaoed 
guises. 

The other fins of fishes do not exist in pairs, but axe pbced 
in the middle line of the body. Hence they are named Ae 
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mediim or unpaired fine. ThuB wa find the back or dorsal 
fina, a, to represent the impaired fins, as tdso do the tail, 
6, and aasi, d, fins; the latter beii^ placed cm. the lower 
Bur&ce of the body. These unpaired fins, if they corre- 
spond to any other stractniea in the fishes, are simply to 
be lauded as special developments of the skin, and there- 
fore bear no true relationship to the limbs of other 
animals. Wo may find one or more dorsal and one or 
more anal £ns j but Uie tail-fin, by the action of which, as 
ereiy one knows, the fish chiefly swims, is always single, 




Vlg. 43.— Elsotiiaa Eel {GsmnMiu Oteirietu). 
bnt may be divided into halves. Most of our common 
fishes (fiig. 42) have the halves of the tail-fin of equal size ; 
. otheis, such as the sharks, sturgeons, &c., having the upper 
half greatly exceeding the lower half of the tBil-£n in size. 
In one species of shark, named the Thresher or Fox-shark, 
the upper half of the tail-fin appears enormously developed 
as compared with the lower half; and the names of this 
species have been derived fmm the use the fiah makes of its 
tail in lashing the wate^ and &om the long-tailed appear- 
ance suggesting a resemblance to the familiar Beynard of 
the laud. In fishes the tail-fin is almya placed vertically. 
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oi in the BBtne line as the body, and moves fh)m Bide to 
side ; whilst in the whales — which aie not fishes, bat Mam- 
malia or quadrupeds possessuig fish-like bodies — the tail-fin 
is placed across the 1>ody. Some fishes may want arms or 
legs — that is, the pectoral or ventral fins ; the eels (fig. 43), 
for example, possessing no ventral fins. The flying-fishes 
(fig. 44), on the contmy, possess a very large development 




Fig. 41— Hying-flah {Exoaatut vdUani), 

of the pectoral oi breast fins, and support themselves 
temporarily in the air by their aid. 

Fishes are usually very well provided in the matter of 
teeth. What would be thought of a quadruped which 
had teeth not only in its jaws, but had its tongue, its palate, 
the sides and floor of its mouth, and other parts, also bea^ 
ing rows of these structures t Yet such ia the case with 
many fishes. Then, also, where the teeth of one set in 
fishes are lost, or destroyed through the natural wear and 
tear to which they are subjected, new teeth are developed 
to supply the place of the lost members. Any one may 
gain a good idea of the formidable array of teeth in fishes, 
and of the manner in which one set Bucceeds another, by 
inspecting the jaws of a shark in a museum, 'bi. fishes ths 



ON SOME ODD FISHES. 121 

teeth are not implanted in sockets, bat are fastened by 
ligaments to the surface of the bones which bear them. 
Sometimes one tooth only, is developed in fishes. This is 
the case in the curious, eel-like hag-fishes (fig. 45) already 
mentioned ; these fishes possessing but a single large tooth, 
borne on the palate; and by means of this formidable 
weapon which possesses saw-like edges, they bore their 
way into the bodies of othdr fishes, and there take up their 
abode as unwelcome guests. A cod or large haddock may 




Tig. 45.— Hag. 

sometimes be found with five or six hags contained in its 
interior. The parrot-fishes, or Scari, of tropical seas, are so 
named from their possessing jaws shaped like the beaks of 
those familiar birds, and these jaws are rendered all the 
more extraordinary from their being covered or incrusted by 
numerous small teeth, which are as closely packed on the 
jaw as paving-stones are in a street, and which serve 
these fishes as useful instruments when they feed upon the 
living parts of the hard and limy coral-animals. In the 
jaws and floor of the mouth of the Port Jackson shark, or 
in the Eagle rays, or skates, the teeth may be seen to be flat 
and broad. Such teeth form a regular pavement arranged 
like a mosaic pattern, and are admirably adapted for crush- 
ing whatever substances enter the mouth. 

Wishes are well provided in the way of digestive appa* 
latus. A throat or gullet, stomach, intestines, liver, and 
other glands, serve for the digestion of the food, and a heart 
and blood-vessels exist for the circulation of the blood thus 
xnanufactured from the food. The blood \b purified in the 
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gills. Each gill — consisting, in common fishes, of a sup- 
porting 'arch ' bearing a great number of delicate filaments 
arranged like the teeth of a comb — ^may be viewed as simply 
a network of blood-vessels. The blood, pumped into this 
network by the heart, is purified by the action of the ozygen 
gas contained in the pure water which the fish is constantly 
taking into its gill-chamber by its mouth ; whilst the pure 
blood is re-circulated through the body, and the water used 
in breathing is got rid of by being ejected behind the 'gill- 
cover ' (fig. 42, /) at the neck, so as to allow a fresh inflow to 
be drawn in by the mouth. The gills of some fishes may 
be very differently constructed from those of the common 
members of the class. Thus the lampreys breathe by pouch- 
like gUls which open each by a separate aperture. Seyen 
gUl-apertures may be seen on each side of the neck of the 
common Lamprey (fig. 46) ; and the sharks, skates, and their 




Fig. 46.— Common Lamprey (Petromyzon manntu). 

neighbours also breathe by sac-like gUls. Certain curious 
fects regarding the breathing of fishes will be afterwards 
alluded to. Fishes illustrate plainly what is meant by 
aquatic or watei^breathing. They possess gills or organs, 
adapted for separating the atmospheric . air which is 
entangled or contained in the water ; knd-animals breathing 
the same air directly £:om the atmosphere. 

That fishes are waiy and aictive, and possess senses of acuta 
nature, are facts well known to alL The lowest fish, the little 
clear-bodied Lancelet (fig. 47), possesses no brain whateveiv 
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and no organ of hearing is developed, whilst the eyes are 
at the best of very simple and rudimentary structure. In 
other fishes, again, ihe brain and nervous system not only 
acquire a typical development, but the senses also advance in 
perfection. The sense of sight is of perfect kind, the eyes 
of fishes being adapted for seeing in the dense medium in 
which they live ; whilst the sense of smeU is also developed, 
although, curiously enough, the nostrils, in all except two 
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Fig. 47. — ^Lancelot {Aniphioxus lanceolatua) : 

a, mouth, seen from below ; 3, general view of body ; c, hyoid bone, with. 

mouth-filaments. 

kinds of fishes — ^the hag-fishes and the curious Lepidosiren 
or mud-fish — are pocket-Uke in nature, and do not open 
backwards, as in higher animals, into the mouth. The 
sense of taste is not exercised in a high degree by fishes, and 
it is interestiog to observe that the sense of touch appears to 
reside especially in the sides of the body, on which surfaces 
a well-marked Une — ^the * lateral line ' — ^may be observed in 
most fishes. This lateral line is connected with a series of 
canals or sacs abundantly supplied with nerves. The func- 
tion of these organs is believed to be that of exercising 
the sense of touch ; and from the manner in which many 
fishes swim against objects, and bring the sides of their 
bodies in gentle contact with foreign objects, there would 
aeem to exist strong reasons for supporting the above idea. 
That fishes 'hear' is a well-known fact. No outer ear 
IB developed, but an internal ear — the essential part of the 
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organ of heanng — is found in all fishes except the little 
Lancelet. 

Whilst the intelligence or instinct of fishes is not, gener- 
ally speaking, of a high order, there are not wanting instances 
to prove that these animals may exhibit traits of character 
sometimes wanting in higher groups of animals. Any one who 
has kept gold-fishes must have noted that in time they become 
more and more familiar with the hand that feeds them, and 
the experience of aquarium-keepers goes to prove that some 
fishes may even shew signs of recognising friends. One of 
the most remarkable incidents illustrating the latter fact is 
related of a ling. As a Greenock diver, some years ago, was 
engaged in working at the wreck of the Duhe of Edinhurgk 
at Ailsa Craig, he became aware that he was an object of 
interest to a fish of the ling species, which had observed him 
at work. On the first day it did not come within six feet 
of where he stood, and took alarm when any of the men in 
the lighter above looked over the side. The wreck lay at 
a depth of ten fathoms, and the men in attendance could 
clearly see the diver at work. On the second day the fish, 
which was about three feet in length, came quite close, 
swam round about the diver, and would poise itself for ten 
or fifteen minutes at a time, and watch his movements. As 
time wore on, it became more familiar, and amused itself by 
swimming round his head. It would then shoot upward 
through the line of air-bubbles that emerged from the 
escape-valve tUl it reached the surface, when it gave its 
caudal fin a flourish in the air, and descended again through 
the air-bubbles to the bottom, continuing these freaks some- 
times for an hour without intermission. The third day was 
stormy, rendering it impossible for the diver to descend, but 
in tlfe forenoon heavy rain came on, and the sea felL The 
diver then descended to his work, taking some bread with 
him to the depths below. The fish came and ate the bread 
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from his hand, and latterly became bo tame that it allowed 
hiin to toDch it This fi;iendly intercourse continued till 
the sixth day, when one of the men in attendance, who 
had at night thrown a fishing-line over the side, pulled in 
the diver's pet, and not seeing any difference between it and 
any other Ung, had it cleaned and prepared for food. The 
sad termination to the narrative fortunately does not lesBen. 
the interest in the tale, which thus appears strongly to 
argue in favour of the posaession by some fiahes of a high 
degree of intelligence, 

lAkt the human race, the class of fiahoa evinces many 
illostrationB of individuals and groups which differ more or 
lesa widely &om their more commonplace neighbours. To 
some of the more curious of theae ' odd fishes ' we may next 
direct attention. 

A very singular little group of fishes, for example, is that 
hnowu to the naturalist by the name Lovhobmnehii ; tbia 
term meaning literally ' tuft- 
gilled,' Included in this 
division are two curious 
families, of one of which the 
Sea-horses (fig. 48) or Hippo- \'i 
camjnare the representatives j 
whilst to the other fanuly 
bdong their allies, the Pipe- 
fishes. N'o more interesting 
forms than these two groups 
can well be selected from 
the great class of which they 
are httle- known members. 
And the interest with which 
they are regarded by zoo- 
logists extends beyond the ^* *^-S^-''°"^ 
mere investigation of theii outside form or appearance ; s 
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ihey present, in many points of their economy and habits, 
yeiy marked deviations from what one may call the ordinary 
conrse of fish-life. 

To visitors to the great aqnaria which are now springing 
np in every part of the country, the searhorses will he 
familiar. Their hardy nature together with their curious 
appearance have marked them out as aquarium fiavourites ; 
and they may fairly, in respect of their zoological &me^ 
divide the honours with any of their companion-tenants. 
Imagine a little body from four to six inches in length, 
topped by a head which in outline exactly resembles that of 
a horse, and which tapers off below, or rather behind, into a 
lithe, flexible, and pointed tail, and we may form a rough 
idea of the general appearance of one of the sea-horsea. 
This little body we shall find to be covered with ganoid 
plates or scales of hard homy or bony material, exhibiting 
ridges and angles all over its surface. Two large Ibrilliant 
eyes, each of which may be moved independently of the 
other, add to the curious appearance of the head ; whilst to 
the body itself may be attached long streamers of sea- 
weed, serving to conceal the little beings as they nestle 
amid their marine bowers, each looking like some veritable 
creation of heraldic or mythological kind. 

The flexible tail which terminates the body has the 
important office of mooring or attaching the fishes to any 
fixed object. As we see them in the aquarium, they axe 
generally poised, as it were, on the tail ; the latter being 
coiled around a bit of sea-weed, whilst the erect body and 
head look warily through the waters of their miniature sea. 
When they detach themselves, they swim about in the 
erect position by means of the two pectoral or breast fins, 
which being placed close to the sides of the neck, project 
like veritable ears, and assist in rendering the equine 
appearance of the head of still more realistic nature. These. 
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fins move with a quick twittering motion, and propel their 
possessor swiftly through the water; whilst the back-fin, 
placed towards the hinder extremity of the body, also assists 
them in swimming. 

Some cniious points in the internal stracture of the sea- 
horses warrant a brief notice. As already stated, the gills 
of an ordinary fish are shaped each like a comb; the 
teeth of the comb being represented by the delicate pro- 
cesses, each consisting in reality of a network of blood- 
vessels, in which the blood is exposed to the oxygen of the 
water, and is thns purified. In the sea-horses, however, the 
gills do not present this comb-like appearance, but exist in 
the form of separated tufbs or bunches of delicate filaments, 
which spring from the gill-supports or arches. From this 
peculiarity, the name ' tuft-gilled,' already alluded to, is 
derived, and the pipe-fishes agree in the structure of the 
giUs with the sea-horses. Then, also, as most readers are 
aware, the gills of ordinary fishes are covered by a homy 
plate, appropriately named the gill-cover (fig. 42, /), and it 
is by sharply compressing the gills with this cover, that the 
water used in breathing is ejected from the gills, so as to 
make room for a fresh supply. In the sea-horses, however, 
the gill-cover is not open or free at its under and hinder 
edges, but is firmly attached all round to the neighbouring 
tissues, and so rendered immovable. At one point in its 
circumference, however, a small aperfcure is left, through 
which the breathing-water escapes from the gills. 

The sea-horses are found abundantly in the English 
Channel, around the coasts of France and Spain, in the 
Mediterranean [Sea, and in the tropical oceans. Several 
distinct species are known to zoologists, but they closely 
resemble one another in the essential features just noted. 
They are lively and intelligent little creatures, luid become 
familiar in time with their possessors. Fixed by their tails. 
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they may be seen actively to dart the head at any passing 
object adapted for food; whilst, when they wish to fi»e 
their bodies from the attached position, they appear to 
manoeavre with the chin and head in order to effect their 
purpose. Their food appears to consist of small crustaceans, 
worms, &c. ; and they are known to be especially fond of 
such delicate titbits as are afforded by the eggs of other 
fishes. 

Perhaps the most curious part of the history of the sea- 
horses relates to their care of the young. Fishes generally 
take little or no care of their offspring, and it is therefore 
the more surprising to encounter in the Httle beings before 
us a singular example of parental fidelity and attachment 
JS'or, as might be expected, is it the mother-fish who is 
charged with the task of attending the young. Contrary to 
the general rule, the male fish assumes the part of nurse, 
and well and faithfully does he appear to discharge his 
duties. At the root of the tail in the male sea-horses, a 
curious little pouch is seen. In this pouch the eggs laid 
by the females — ^which want the pouch — are deposited, 
and are therein duly hatched. Nor does the parental duty 
end here ; for after the young are hatched and swim about 
by themselves, they seek refuge in the pouch during the 
early or infantile period of their life whenever danger 
threatens them. This procedure forcibly reminds one of 
the analogous habits of the kangaroos and their young ; but 
the occurrence is the more remarkable in the lower and 
presumably less intelligent fish. 

Some experiments made on the sea-horses seem to demon^ 
strate the existence of a more than ordinary degree of 
attachment to the young. Thus when a parent-fish was 
taken out of the water, the young escaped from the pouch ; 
but on the parent being held over the side of the boat, the 
joung at once swam towards him, and re-entered the pouch 
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without hesitation. Some authorities have not hesitated to 
express an opinion that the young are nourished within the 
pouch by some fluid or secretion of its lining membrane. 
But further observation is certainly necessary before this 
latter opinion can be relied upon. 

The Pipe-fishes are very near neighbours of the sea- 
horses, and derive their name from the thin elongated shape 
of their bodies, together with the fact that the jaws are 
prolonged to form a long pipe-like snout, at the extremity 
of which the mouth opens. These fishes are very lively in 
all their movements, and dart tiirough the water so quickly, 
that in many case^ the eye is unable to follow them. Like 
the searhorses, the male pipe-fishes protect and tend their 
progeny, and exhibit an equal attachment to their young. 

These latter features are also well exemplified by the 
familiar Sticklebacks of our ponds and streams. The latter 
fishes actually build nests for the reception and care of their 
eggs, the nests being made chiefly or solely by the males ; 
whilst on the latter, during the process of hatching and in 
the upbringing of the young, devolves the chief care of 
protecting and looking after the welfare of the progeny. 
These instances of the care and duties which devolve on the 
nudes, instead of on the mother-parents, appear to reverse 
the more natural order which almost universally obtains in 
the case of both lower and higher animals. 

Of the oddities which fish-life presents, probably none 

are more jremarkable than the Archer or Shooter Fishes 

(Toxotes), which inhabit the seas of Japan and of the 

Eastern Archipelago. When kept in confinement, these 

fishes may be seen to shoot drops of water from their 

elongated jaws at flies and other insects which attract their 

attention. They have been observed to strike their prey 

irith unerring aim at distances of three or four feet 

Another notable species of shooting-fiyshes is the CftoBtodon. 

I 
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This latter form possesses a prominent beak or mitzzle, 
consisting of the elongated jaws ; and from tliia beak, as 
&om the bairol of a rifle, the fish shoots its watery missiles 
at the insects which alight on the regetation iiinging ita 
■ native waters. 

The old BBTing which compares great helpleeaneaa to the 
state of ' a fish out of water,' does not alwajrs find a corro- 
borative re-echo in natural history science. Aa every one 
knows, different fishes exhibit very varying degrees of 
tenacity of life when removed from their native element 
Thne a herring dies almost immediately on being taken out 
of water ; whilst, on the other hand, the slippery eels will 
bear removal from their habitat for twenty-fonr hoora or 
longer; and we have known of blennies — such as the 
Shanny {Blenniia phclia) — surviving a long journey by post, 
of some forty-eight hours' duration, when packed amid soma 
damp sea-weed in a box. 

But certain fishes are known not merely to live when 
taken oat of water, but actually of themselves, and as part 
of their life and habits, to voluntarily leave the water, and 
disport themselvos on land. Of such abnormal fishes, && 
most famous is the Climbing Perch or Anabaa seandeat 
(fig. 49) of India, which inhabits the Ganges, and is also 




F!» 40.— Climbing Perch, 
found in other Asiatic ponds and riveis. These fiahee 
may be seen to leave the water, and to make their w^ 
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OTedand, sappoiting themselves in their jerking gait by 
means of their strong spiny fins. They appear to migrate 
from one pool to another in search of 'pastures new,' 
especially in the dry season, and when the water of their 
habitats becomes shallow. 

The Hindu name applied to these fishes means * climbers 
of trees ; ' and although statements have been made both by 
tniTellera and natives, that the climbing perch has been 
found scaling the stems of trees, these accounts, we fear, 
must be regarded as of equal value with the native belief 
that the fishes &11 in showers on the land from the skies. 
Of the power of the fishes to live for five or six days out of 
water, however, no doubt can be entertained; and their 
ability to support life under these unwonted conditions is 
explained by the fact that certain bones of the head are 
curiously contorted so as to form a labyrinth, amid the 
deUcate recesses of which a supply of water is retained, for 
the purpose of keeping the gills moist 

Another group of fishes, also inhabiting India, and pos- 
sessing powers of existing ' out of water,' is the Ophiocepha- 
Udm (' snake-headed ') ; a family allied to the Mullet-group. 
It would appear, from some recent observations on these 
fishes, that they are enabled not only to live, like the 
climbing perch, out of water, but that they die if kept 
below the surface of the water even for a comparatively 
short time. Thus when an Ophiocephalus and a carp were 
placed together in a vessel of water, a net being placed about 
two inches from the sur&ce, the carp swam, as might be 
expected, freely and continuously below the surface ; whilst 
the Ophiocephalus made vigorous efforts to attain the sur&ce, 
for the purpose of inhaling air directly from the atmosphere. 
When not allowed to reach the surface, the Ophiocephali 
died, suffocated, in periods varying from twenty minutes to 
two hours. A carp secured by a bandage placed round the 
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gill-slits, so as to prevent any escape of water by these aper- 
tures, died, as might have been expected ; whilst an Ophio- 
cephalus treated in the same manner exhibited no symptoms 
of uneasiness. The explanation of the power possessed by 
the latter fish of being able to live out of water, resides in 
the fact that these fishes possess two cavities in the throat, 
in which blood is purified by the inhalation of atmospheric 
air. Thus, the Ophiocephalua not only can exist out of 
water, but escape from that medium must, in fact, be 
viewed as an absolute necessity for the normal life of 
the animal. The climbing perch appears also to exhibit 
this latter peculiarity of requiring to escape periodically 
from the water, for this fish, like the Ophiocephalus, may 
be actually drowned, if kept from obtaining a supply of 
atmospheric air. 

The curious Lepidosirens or Mud-fishes, which occur i 
the Gambia of Africa and the Amazon of South America 
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Fig. 50. — Lepidosiren (Lepidoairen annectans). 

exhibit a greater peculiarity of structure, which still mcmzDre 
completely fits them for living out of water. In the gr rj ' a^ 
majority of fishes, a curious sac or bag known as the sio^ th- 
ming or air bladder is found. The use of this structure- In 
ordinary fishes is to alter the specific gravity of the animafcTR; 
and, by the compression or expansion of the air or gas&sr li 
contains, to enable them to sink or rise in the water at wili; 
but it would also appear that indirectly it may aid in 
the breathing of all fishes which possess the organ. In 
the mud-fishes, however, the air-bladder becomes divided 
externally into two sacs, whilst internally each sac 
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axhibits a cellular structure resembling that seen in the 
iungs of higher animals, with which structures, in fact, the 
jwimming-bladder of fishes actually corresponds. Then also- 
this elaborate air-bladder of the mud-fish communicates 
srith the mouth and throat by a tube, which corresponds 
bo a windpipe. The nostrils of the mud-fishes further 
open backwards into the mouth; whilst, as already men- 
tioned, in all other fishes, save one genus, the nostrils are 
simple, closed, pocket-like cavities. And it may lastly be 
noted that the Lepidosirens are in addition provided with 
true gills, like their ordinary and more commonplace 
neighbours. 

These remarks serve to explain the * reason why * these 
fishes can exist for months out of water. Thus, on the 
approach of the hot season, the mud-fishes leave their watery 
homes, and wriggle into the soft mud of their native rivers. 
Here they burrow out a kind of nest, coiling head and tail to- 
gether ; and as the mud dries and hardens, the fishes remain 
in this temporary tomb; breathing throughout the warm 
season like true land-dwellers, by means of the lung-like 
air-bladder. When the wet season once more returns, the 
fishes are aroused from their semi-torpid state by the early 
rains moistening the surrounding clay ; and when the pools 
and rivers once more attain their wonted depth, the Lepido- 
eirens emerge from their nests, seek the water, breathe by 
means of their gills, and otherwise lead a true aquatic 
existence. Another fish, the Ceratodus or * Barramunda * of 
Australian rivers, possesses a similarly modified air-bladder, 
and is thus enabled to breathe independently of its gills. 

With such a combination of the characters of land and 
water animals, it is little to be wondered at that the true 
position of the mud-fishes and their neighbours in the 
zoological scale should have formed a subject for much 
discussion. They appear, however, to be true fishes, and 
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not mnphibiatis {or &og-like animalB) ; and they tberoftm 
may l^ally occupy a, prominent poBitioD among the oddities 
of theii claaa. 

Othex corioiu beii^ included among tlie fishes aie the 
^Mailed Globe-fishea {Diodon, &a.), vhich decivQ then 
name &om their power of distending their bodies vith air 
ttt Trill ; and their bodies being nsoally provided with spines, 




T5g. 51.— Globa-firii {Telraodon fiEfwotuj). 
they may be judged to present a rather formidable front to 
any ordinary adreisary in theii expanded condition. Thera. 
also we have the curious Tri^or-fiahes {BaHates), so namec? 
from the piominent pointed spine in front of the first 
bock-fin ; this spine firmly holding its erect position nntil 
the second spine or fin-ray be depressed, when the first spine 
is released by mechanism resemblii^ that of the tr^ger of a 
gon. The obvious use of such an apparatus is dearly of s 
defensive kind; and it is remarkable to find that man has 
imitated and reproduced, in one of his common mechanical 
contrivances, a structure existing in sU its natnial perfeotbn 
in the fish. 

Oddities in the way of curious fishes can receive no better 
iUusttation than that afforded by the very curious 'Tele- 
scope-fishes ' of China, figured in the accompanying illustra- 
tion These beautiful little fishes are kept aliva in many o 
our large aquaria. At first sight, the telescope-fishes migl 
be mistaken for the fitmiliar gold-fishes, but a cursory inspe 



OK SOME ODD FJ3BBS. 



1S5 



tion of theii appearance at once shews the peculiaritieB o£ 
etractnie which have earned for these cteatnrea theii dla- 
tmctive name. The eyes are seen to be singularly pwuiDent^ 
and piottade irom. the head to a marked extent, whilgt they 
also present certain alterations in intimate atructuie. The 
fine, moreover, aie doable, thia conformation being well 
exemplified in the laige and prominent tail-fin. The 
exact natnte of these fishes has been discussed by the 
French Academy of Sciences, in the records of which 
it is stated, that the Chinese have cultivated these fishes 




from an ordinary species of the carp race, and that the 
peculiar conformation of the eyes results from a diseased 
state, which, by heii^ transmitted from one generation to 
another, has become at last a stable and definite character of 
the animals. This very probable explanation of the origin 
of these peculiar eyes, ia supported by the fact that cratain 
carps inhabiting the canal Saint Martin at Paris were 
found to possess prominent eyes ; and a like appearance has 
been observed in carps livir^ in rivers into which the 
water of drains had been allowed to flow. The carious fiict 
ia thus brought under notice, that a diseased condition may 
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not only entirely alter the appearance of an animal, but maj 
be faithfully reproduced in its descendants. 

As a final feature of interest in tbe history of fiabes, ve 
may allude to the lai^ size attained by certain spe^es. 
The huge sharks and their allies may attain an immense 
size ; but some fishes, usually of moderate oi small size, miy 
occasionally grow to an unnsual extent Thus the n 
the ordinary length of 'which is not above thirteen or £ 
inches, has been known to attain a length of nearly tro &at 
and a weight of two pounds six ounces ; and the halibot has 
been known to measure seven feet in length, thiee and a 
half feet in breadth, and to weigh between two and tJuee 
hundred pounds. Cod have been met with measuring orer 
nine feet in length ; one specimen captured on the west 
coast of Scotland in 1877, having measured nine feet two 
and a half inches in length, and three feet two and a half 
inches in circumference. And one of the Eays — the Homed 
Eay of the Mediterranean — is known frequently to attain 
a length of twenty feet, a breadth of twenty-eight feet, and 
a weight exceeding one ton. These giants of their race, no 
less than their stranger neighbours, already noticed, may be 
regarded aa exemplifying in a singular manner the curious 
and strange in fish-ex istcnco. 





Fig. 53.— Neat of Termito AnL 

SOME CURIOSITIES OF INSECT-LIFE. 



ILL who vatch 'with an; degree of attention the 
growth, of plant-life in a garden or greenhouse 
most be familiar with those curious little greoii 
insects, the Aphides or Plant-lice. Existing in thou3and3 
on out flowera and shrubs, and feeding on the juices of the 
plants, they constitute veritable pesta ; and some species, 
infesting the bean, hop, and other cultivated plants, causo 
much anxiety to the agriculturist from their destructive 
effects on his crops. Both eexes of aphides are generally 
fonud in a wingless state; although, as will presently be 
explained, the individuals of the same species may possess 
winga at ono period, and be wingless during the rjit 
of the yaa. 
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A £tct of primary inteiesl: in ths habits of these insects 
consists in the attentions paid to them by tha fttTniliar auto 
— the famous Huber beii^ the fiist to make this obeom- 
tion. Thus the ants maj be ohserred to foUow 1^ plant- 
lice, and to stroke the abdomens of tha U^eo- with then 
anteuns oi 'feelers ;* this act causing tihe apUdaB to exude 
a Eweet viscid secretion iiom two tabidftr p oM placed 
towards the hindet estramitf of their bodies. Hdi aecretioa 
is greedily absorbed by the ants. Mr tftawxa wnrtionn an 
ohserrfttion of hk own which seems to etxaigSaB^ the idea 
that the lelations between the ants and i^hnir pmndfia ore - 




Fig. 54 — Apple Aphis {Erioxyma molf ) 
d, wlbglea iDsccI [ma^ified} ; i, wingTeas ui« 
{laigaititdX 

of a very intimate and reciprocal kind. Having removed all 
the attendant ants Iiom a group of about a dozen plant-lice 
which resided on a dock-plaat, Mr Darwin prevented the . 
ants from regaining their vantt^e-ground for several horns. 
Feeling certain that the aphides would by that time have 
secreted a goodly store of the sweet secretion of which the 
ants are so fond, Mr Darwin watched them intently for 
some time, but did not observe a single aphis emit the 
secretion. He then tried to imitate the movements of the 
ants' antennce by stroking the abdomens of the pknt 
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Hce with a hair ; not a single aphis, however, responding 
to the imitative demand. A single ant admitted to the 
guarded aphides, was ohserved to hurry from one to the 
other, as if aware of the plentiful store of sweets awaiting 
its attention; and when this single marauder, if we may 
80 term it, hegan to stroke the various plant-lioe with its 
antennse, the latter rapidly excreted the coveted fluid, the 
secretion heiog greedily ahsorhed by the ant. Very young 
plant-lice similarly respond to the call of their ant-neigh- 
bours ; and this latter fact would tend to shew the purely 
instinctive and hereditary nature of the curious impulse 
on the part of the aphides ; whUst the action of the ants 
in the matter must be no less clearly of instinctive kind. 

But exceeding in interest even the curious habits just 
noted, we find the development of the aphides to present 
us with some phases of puzzling and inexplicable aspect. 
At the dose of autumn, male and female aphides are found 
living on plants. The eggs produced by these insects, 
after lying dormant throughout the winter season, burst 
into active life in the succeeding spring, and give birth, not 
to males and females, as might be expected, but to wingless, 
six-legged plant-lice, which, if their sex be determinable at 
all, must be regarded as belonging to the female sex. 

Now appear some curious phenomena ; for if these wing- 
less females be watched, they may be seen to produce, alive, 
and not from eggs, brood after brood of young plant-lice, 
exactly resembling themselves, in that they wholly consist of 
female insects, and resembling their parents, in that they are 
destitute of wings. Throughout the spring, summer, and 
autumn, each successive generation of these wingless females 
thus produces progeny which repeat the features of their 
spinster-like parents; not a single individual of the 'sterner' 
sex being found within the limits of this Amazonian popula- 
tion. This uninterrupted succession of female generations 
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may be repeated and traced in a single season, through nine^ 
ten, or even eleven generations ; whilst the nuniber of the 
progeny of a single aphis-mother may amount, as estimated 
by Eeaumur, to 5,904,900,000 at the fifth generation alone. 
At length, when the close of autumn once more comes 
round, and ten or eleven generations have been, bom, 
this uninterrupted succession of female progeny ceases, and 
in the last brood winged males and females appear — as at 
the similar period of the preceding year, when our survey 
of their life was supposed to begin. Then, as before, eggs 
are produced by this last generation ; and from these eggs, 
in the succeeding spring, will be developed the wingless 
females, whose descendants will repeat the strange history 
of the preceding year. 

If we appeal to the zoological world for an explanation of 
these curious facts, we shall find that several conflicting 
theories and opposing views prevail. As all must admit, 
the circumstances above detailed, and as verified by repeated 
observation, leave no doubt on the mind that the ordinary 
laws of development are not only set aside, but are incom- 
petent of themselves to aid us in obtaining a solution of 
the matter. Thus, it has been supposed that the repro- 
ductive influence of the original and ordinary development^ 
through eggs, of the flrst brood of the male and female 
aphides, extends throughout the succeeding generations^ 
This, however, is merely a theoretical possibility, and does 
not aid us in the explanation of the anomalous fact, that 
one sex alone is enabled to produce living progeny ; whilst 
under ordinary circumstances, and throughout the whole 
range of the animal world, the co-operation of both sexes 
is necessary to develop eggs capable of evolving progeny. 
The case of the plant-lice would be paralleled by that of 
plants, if the seeds of plants furnished by the pistils could 
be duly fertilised and be rendered capable of developing a 
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new plant, without the influence of the necessary pollen- 
substance furnished by the stamens. And this, as far as 
we know, rarely, if ever, occurs. 

KaturaHsts know these phenomena under the name of 
parthenogenesis ; and probably the best explanation of the 
derelopment of the plant-lice, together with allied cases in 
other insects, is that the eggs resemble * buds ' in their 
essential nature ; and whilst eggs ordinarily require for 
their development the presence of both sexes, the genera- 
tions of female aphides may be regarded as produced from 
their single parents, by a process of internal budding. The 
stock or structure in the females from which these egg-buds 
are produced may be named * germ stocks ' — the Keimstocke 
of the German naturalists. And in this view, we might 
not inaptly compare the life-cycle of the aphides with that 
of a plant. The plant springs from the fertilised seed — as 
do the original aphides from true eggs. The plant further 
by budding produces through the greater part of the year its 
leaves and other organs — as the spinster-aphides produce 
their young by an analogous process. Then, in due season, 
the stamens and pistil, or reproductive organs of the plant, 
are formed, and true seeds capable of giving origin to a 
new plant are produced — just, indeed, as the aphides in 
their turn develop both sexes, and as, from the eggs thus 
produced, new beings with special powers and tendencies 
are introduced into the wondrous cycle of their life. The 
consideration of such interesting phenomena as the preced- 
ing, should forcibly impress us, above all other considera- 
tions, with the marvellous plasticity of living forms, and 
with the endless variety of contrivance and action which, 
for the accomplishment of its own duly arranged ends, 
Me is continually exhibiting before us. 

Not less interesting than the preceding facts are the 
details regarding the life and habits of antSj with which the 
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observations of many naturalists have made ns familiar. 

If some of the ancient ideas conceming the provident and 

industrious habits of these 
insects have been ascertained 
to be erroneous, modem 
science has on the other hand 
revealed phases of ant-h& 
far exceeding the older ideas 
in wonder and interest Thus 
Fig. 55.— Ants: certain kinds of ants are well 

X, Female ; a. Male ; 3, Neuter (Worker). ^nOWn to be slave-makeTS ; 

that is, they seize upon the young of other kinds, and convey 
them captives to their nests, there to train them up as 
veritable servitors. Thus one species {Formica sanguinea) 
makes raids upon the ' negro ' ants, and carries off the young 
'negroes' alone ; the latter, as they grow, coming in time to 
perform all the work of their masters' home. Being trained 
literally from their youth upward, the negro-ants, as might 
be expected, make excellent servitors. Another slave-making 
species of ant, the Amazon-ant {Polyergus rufescens) appeals 
to be forced to depend on servitors for help in the manage- 
ment of the nest ; since the mouths of the masters in this 
case are so constructed that, as a famous naturalist observes, 
' it is physically impossible for the rufescent ants (or nuuh 
ters), on account of the form of their jaws, and the accessory 
parts of their mouth, to prepare habitations for their family, 
to procure food, or to feed them.' Huber found, indeed, 
that this species, when left without slaves, perished from 
sheer inability to help themselves. This observer placed 
thirty of these slave-making or Amazon ants with some of 
their own young (pupae and larvae) in a box, along with 
some honey. * At first,' Huber remarks, ' they appeared to 
pay some little attention to the larvae; they carried them 
here and there, but presently replaced them. More than 
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one half of the Amazons died of hanger in less than two 
days. They had not even traced out a dwelling, and the 
few ants stiU in existence were languid and without 
strength. I commiserated their condition, and gave them 
one of iheir black companions. This individual, unassisted, 
established order, formed a chamber in the earth, gathered 
together the larvae, extricated several young ants that were 
ready to quit the condition of pupae, and preserved the 
lifs of the remaining Amazons.' Thus the Amazon-ants 
actually pensh when their slaves are not at hand to feed 
them. Ko more typical instance of the interdependence 
of animal forms could be found; and the facts thus pre- 
sented become perhaps the more wonderful, if we reflect 
that the Amazons, whatever may have been their original 
capcusities, have to all appearance lost even the instinct of 
feeding. They are thus literally tended 'hand and foot' 
by their slaves, and present sad examples of a want of train- 
ing in the useful arts and accompli3hments of domestic life. 

Foreign species of ants are known to exhibit engineering 
habits, and to display great skill, in overcoming natural 
obstacles which may lie in the line of march. The Driver- 
ants (Anomrna) of Western Africa march in hordes, and 
devastote the country through which they pass. They 
cross streams of considerable breadth by forming living 
bridges of i9terlocked bodies, over which the moving army 
passes — ^this procedure, curiously enough, being imitated by 
certain species of monkeys. And other equally interesting 
facts have been noted by observers regarding tropical 
species of ants ; as for example, where obstacles purposely 
thrown in the line of march have either been skilfully 
removed, or have been circumvented by plans and manoeuvres 
exactly resembhng those practised in analogous circum- 
stances by mankind. 

A Leaf-cutting Ant {(Ecodomci) carries leaves for long 
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distances, and detaches distinct parties of its membeis for 
special work, just as the divisions of an army or regiment 
may be allotted to distinct duties. Thus foragers are told 
off to climb the trees and cut off the leaves ; whilst carriers 
take up the fallen leaves and transport them to the nest 
Here we find a perfect example of the economical sub- 
division of labour. 

A series of most important and interesting observations 
on the intelligence of ants has recently been detailed by 
Sir John Lubbock ; these investigations shewing that the 
instincts of ants, however wonderful they may appear, are 
after all devoid of the higher or reasoning power seen in 
man himself, and that in certain cases a decided inaptitude 
to overcome difficulties by a ready and simple method is 
exhibited by these insects. For example, some food wai 
placed on a slip of glass in a cup, the food being surrounded 
by water, which, however, was bridged over by means of a 
strip of paper two-thirds of an inch long, and one-third 
of an inch in width. An ant {Formica nigra), on being 
shewn the food, set to work to convey it to the nest, several 
others being soon brought to assist in the work. When 
about twenty-five ants were thus employed, the paper-bridge 
was slightly moved so as to leave a little gap, separating the 
food from the bridge. When the ants came to this chasm 
they made every effort to get over, but after repeated efforts, 
gave up the attempt and returned home fairly beaten. Sir 
John Lubbock remarks that it never occurred to the ants to 
move or to push the bridge, although the bridge itself was 
80 light, and the gap only one-third of an inch wide. A 
piece of straw being substituted for the paper-bridge, on the 
idea that the former substance was one with which the ants 
might be more familiar, the insects exhibited the same in- 
capacity to overcome this apparently simple difficulty. Food 
being placed just above their nests, the insects invariably 
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carried the food to their homes, and did not on one occasion 
eaye time and trouble by dropping the food on to the nest. 
When food was placed at a distance of one-third of an inch 
above the nest, the ants tried to reach down, but neither did 
they jump down themselves, nor did they throw down the 
food, although the interval was of so small extent that 
when an ant passed below the food, the ant above could 
descend by stepping on the back of its neighbour. This 
latter mode of descent only happened accidentally. A heap 
of fine mould was placed close to the glass on which the 
food was set ; and although the ants, by moving a particle 
of earth for a quarter of an inch, could have made a bridge 
across which the food could readily have been conveyed, 
not a single insect appeared to * think ' of such a contrivance. 
Yet in contrast to this seeming stupidity, must be placed 
the incident in which food was placed in a shallow box 
fitted with a glass top, and provided with a hole on one 
side. The ants being introduced to this food, carried it off 
to the nest through the hole in the box. Some fine mould 
was then placed in front of the hole, so as to cover the 
aperture with earth to the extent of half an inch. The ants 
which were in the inside of the box were then removed, 
and along with their neighbours were allowed to seek their 
food. After searching for some other entrance to the box, 
and finding none, they excavated with care and precision 
into the mould which obstructed the former entrance, 
and thus obtained admittance to the store. It is reason- 
able to suppose, however, that the exercise of intelligence 
in the latter instance may be explained on the ground 
that the obstruction was of a kind and nature which the 
ants are accustomed to encounter in their ordinary and 
natural state of existence. Collections of earth and like 
debris are obstacles which may reasonably be supposed to 

be of frequent occurrence in the ordinary life and operations 

J 
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of these insects, and the work of excavation constitutes 
a labour in which ants must frequently engage. The ford- 
ing of miniatuie streams, as in the previous experiment^ on 
the other hand, is a work not so familiar to these insects ; 
and hence we may argue that custom and habit possess as 
great an influence aver the regulation of their life as over 
that of the highest of animals. 

Various authors have stated that ants will rescue a 
comrade who is in danger, and thus prove literal Mends in 
need to distressed companions. Sir John Lubbock found 
by experiments on two species at least, that these observa- 
tions do not apply, at anyrate, to ants as a whole. An ant 
buried under earth over which its companions walked to 
and fro in their march to obtain food, was passed unnoticed 
and unheeded in two instances. Some very curious &ct8, 
however, were ascertained regarding the degree of attention 
paid by ants to members of their own households and to 
stranger-ants respectively. When five ants belonging to 
a particular nest and five others from another nest, but of 
the same species, were chloroformed and placed near some 
honey surrounded by water, and on the path which led to 
the food and which was traversed by their sensible neigh- 
bours, the stupefied ants were allowed to lie unheeded 
by the passers-by for more than an hour; not a single ant 
appearing to perform the part of the Good Samaritan. 
Indeed, so far &om any charitable feelings being evinced 
by the healthy towards the sick, we are told that one of the 
strangers was picked up and dropped into the neighbouring 
water. Then a member of the family-circle was treated in 
the same unceremonious fashion, and by-and-by the other 
sick persons were placed in the fluid. One of the strange^ 
ants was taken into the 'nest, but for some reason or other 
the patient was brought out in about half an hour, and 
thrown into the water. The chloroformed ants being in 
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reality dead — since these insects do not recover from chloro- 
foim — Sir John Lubbock caused some ants, including 
strangers to and natives of a particular nest, to become 
intoxicated. The sober ants, we are told, removed twenty- 
five of their fdends and thirty of the strangers. Twenty 
of the Mends were carried into the nest and were 
seen no more; the remaining five were thrown into the 
water; whilst of the strangers, twenty-four met the latter 
fate, six being taken into the nest; but of these six, four 
were brought out and left to themselves, only two being 
retained. In this latter case, the Mends were certainly 
treated in a more becoming fashion than the strangers, but 
the code of ant-morality does not altogether appear to be of 
a very high type — ^although, indeed, we must not presume 
to judge the ant from a too strictly human, and possibly 
short-sighted point of view. 

Of the care with which many insects provide for the 
welfare of the future young, and of the marvellous instincts 
which sometimes lead a young insect to seek the surround- 
ings which are suitable and necessary for its development, 
we find a most interesting example in the case of a beetle, 
Sitaris by name. Sitaris is a near neighbour of the blister- 
beetles, and lives as a parasite on certain kinds of bees. The 
eggs of the beetle are laid at the entrance to the bees' nests, 
and are hatched in autumn. The young beetles remain 
dormant until the succeeding April, when they become 
active, and their first act is to settle themselves upon the 
male bees — which are developed before the females — as 
they emerge from their nests. This step is but preparatory 
to another, that of passing from the male bees to the females; 
and this latter proceeding seems to evince a degree of 
instinct and cunning of most surprising kind, since the 
object and aim of the young beetles is that of gaining access 
to the eggs of the bees. The immature beetles thus pounce 
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Upon the eggs as the females deposit them, and each beetle, 
fefltened up by the bee along with honey in the cell contain- 
ing the egg, becomes thus regularly imprisoned, like a con- 
cealed enemy in a neigbbout's house. The beetle-larva begins 
operations by devouring the ^g of the bee, a process occU' 
pying the first eight days of its imprisonment ; after which 
period it grows largely and floats paseively on the auriace 
of the honey, mouth downwards. In this convenient posi- 
tion it consumes the sweet store intended by the mothe> 
bee for the nourishment of her already-devoured pw^ny. 
The process of moulting meanwhile proceeds apace in the 
beetle-larva, and thia curious life-history ia one sense termi- 
nates with the appearance of the perfect beetle ia the 
month of August, 




ON SOME CURIOUS ANIMAL 
COMPANIONSHIPS. 




F it be true, as the old proverb informs tis, that 
* Poverty makes us acquainted with strange bed- 
fellows,' so no less truly may it be asserted, that 
natural history science exemplifies for us instances of the 
strangest associations and companionships amongst both 
lower and higher animals. Nor are these associations 
always to be explained on the grounds of parasitism, or from 
other causes which zoology may plainly enough demonstrate. 
In cases where one animal acts the part of an unconscious 
or unwilling * host * to other animals, which have taken up 
their abode within or upon it as 'guests,* the cause or 
principle of the association is quite explicable, on the ground 
that the parasites seek the bodies of other animals as their 
natural and rightful territory. And indeed, unless pro- 
vided for, by gaining access to its own and generally limited 
territory, the parasite perishes, being literally unable to 
help itself. 

The instances of companionship to which we specially 
refer, however, are very far removed in their essential 
features from the question of parasitism. Abundant ex- 
amples, as we shall presently note, may be found, in which 
one animal form associates itself with another, often of 
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widely different nature and status in the scale of 
itself J this association being generally of tlie n 
able kind. The one animal being found, we maj 
sorely ptedict the presence of the other. Suci 
of invariable and close companionsliip aie Ter 
be explained on ordinaiy grounds, and present t 
ralist puzdea of the gravest and deepest kind, ! 
majority of cases, he fails to see any apparent be] 
to be derived by either of the associated beings 
ejcactly this want of object, if we may so tern 
companionship of many animals, which forms 
most inexplicable aspects of such studies. 

It is a remarkable fact that an absolute disinl 

marks many such companionships, although it it 

hard to draw the line which shall separate pure 

from mere ' guests ' and ' lodgers.' The well-known 

sea-anemones, so familiar as denizens of our eea- 

which have been described in a previous arti( 

several notable examples of curious companic 

has been noted that . small fishes are frequen 

habit of swimming alout within the months ai 

sacs of large anemones inhabiting tropical aea£ 

on the beat of terms with their hosts. And t 

tion may be shewn to bo rather inexplicable, u 

at least, if ^^ consider that the slightest toncl 

sufficient to cause the tentacles and mouth of si 

close upon foreign objects. Unfortunate 

example, whict chance in their peregrinations 

against a large sea-anemone, are quickly draw 

-mouth by the tentacles and swallowed. Notii 

■*aatural feature of anemone-character, it seems 

-think of such, a dainty morsel as a fish being j 

swim at its ease literally within the stomach-aac, 

e^X ^"^ tempting reach of its strange neigl" 
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But this very kind of association evinces further curious 
characteristics; for observers have noted a little fish that 
not only lives within the Dahlia Wartlet Sea-anemone, but 
actually permits the anemone to contract itself, and to 
enclose it in its fleshy tomb without injury. Another sea- 
anem6ne — ^the Adamsia palliata — the pretty little ' Cloak- 
anemone ' of our English coasts, offers a most inexplicable 
case of companionship in its habitual association with a 
certain species of Hermit-crab — the Pagurvs Prideavxii, 
The Hermit or Soldier Crabs are well-known dwellers on 
the sea-beach, and ensconce themselves in the cast-off shells 
of whelks and other molluscs, for the purpose of protecting 
their soft bodies. On the sheU which protects this veritable 
hermit, the cloak-anemone may almost certainly be found ; 
and it is to be noted that only this species of crab, and 
the equally definite and single species of anemone, are the 
two beings which respectively form the association. The 
unvarying nature of the species is, in fact, as remarkable 
a feature in the case as the invariable nature of the com- 
panionship. And not only does the hermit-crab appear 
tacitly and simply to tolerate his living burden, with which, 
like Sindbad the Sailor and the Old Man of the Sea, he 
persistently crawls about, but he also appears to exhibit a 
certain care and affection for the anemone. He has been 
noticed to feed the anemone with his pincer-like claws; and 
when — as is the custom of these animals — the crab casts 
away his shell, to seek another and larger abode, he has been 
seen carefully to detach the helpless anemone from the old 
habitation, and to assist it in gaining a firm basis and sup- 
port on the new shelL Another species of hermit similarly 
makes a companion of another kind of anemone ; the latter 
subsisting on the food-particles furnished by its host. These 
details may pardonably suggest to us the idea that there 
may be^ after all, much that is identical in the motives of 
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even such lower forms as hermit-crabs, with the actions 
which we are accustomed, perhaps too exclusively, to regard 
as peculiar to ourselves. 

The familiar little Pea-crabs, or Pinnotheres — so named 
from the small size of their bodies — present instances of a 
copartnership with salt-water mussels, the explanation of 
which is very hard indeed to find. Within the bodies of 
these mussels and of other molluscs, and within the folds 
of the structure which both lines and forms the shell, and 
which is appropriately named the * mantle,' these little Pea- 
crabs appear to lodge in a perfectly natural and accustomed 
manner. As far as long-continued custom and habit are 
concerned, the Pea-crabs may well have become accustomed 
to their surroundings ; for we find that Pliny of old, with 
other classical observers, was familiar with the fact of their 
unusual residence, and speculated on the causes which 
induced these animals to select their abodes. This old 
naturalist quaintly informs us that the mollusc being *a 
clumsy animal without eyes,* opens its shell, and thereby 
allows other fishes to enter; and we are further informed 
that * the Pinnothere (or Pea-crab), seeing his dwelling in- 
vaded by strangers, pinches his host, who immediately closes 
his shell, and kills, one after another, these presumptuous 
visitors, that he may eat them at his leisure.* Thus, the 
pea-crab is accredited at once with the virtue of efficient 
watchfulness and with the vice of jealousy ; and so the case 
appears clear enough to this old naturalist, on the assump- 
tion that pea-crabs and molluscs are actuated by much the 
same motives as ourselves. The fact, however, of an acfeive 
little body like the crab being allowed peacefully and natu- 
rally to dwell within the delicate, and usually irritable tissues 
of the well-known mussel, has as yet admitted of no satis- 
factory explanation at the hands of modern zoologists. Pea- 
crabs are also found living within those curious marine 
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animals possessing bag-shaped bodies^ and known as ' sea- 
squirts ;' the crab dwelling within the breathing-chamber of 
its host. The author has noticed the crab to emerge from 
the mouth-opening of the sea-squirt to feed in an aquarium, 
in which its host was a tenant; the crab-guest beating a 
hasty retreat to^dts shelter on being alarmed. Pea-crabs 
measuring over half-an-inch in length may frequently be 
taken from mussels of not by any means large proportions. 

The great insect-class exemplifies many remarkable associa- 
tions, most of which, however, are examples of parasitism. 
!For instance, a curious relationship subsists between ants 
and certain species of beetles. Indeed, some species of 
beetles which are totally blind, are nowhere to be found save 
in the nests of certain kinds of ants. These beetles are 
farther known to be carefully tended by the ants, who at 
-^nce attack any intruder into their nests, however nearly 
allied the latter may be to their blind friends. This instance 
of companionship is more mysterious than the well-known 
friendship that exists between ants and plant-lice, since the 
beetles do not, so far as observation has gone, furnish any 
secretion to, or otherwise benefit their hosts. One species 
of these blind beetles {Claviger Duvalii) is only found 
within the nests of a species of ant — the Ladus niger. 
Some ant-nests of this species may, however, be destitute of 
these beetle-visitors; and when the latter are artificially 
introduced into such guestless homes, the ants at once kill 
them. M. Lespfes, who has given us these details, thinks 
that the latter fact may be accounted for by the supposition 
that some ant-colonies are more highly * civilised' than 
others ; but this explanation is more ingenious than 
probable or satisfactory. 

Amongst Fishes, many examples of association with other 
fishes of widely diflFerent kinds, and for reasons not always 
apparent or explainable, are also to be found. The large, 
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lu^inly-IookiDg fieli possessing a veiy latge head and wide 
mouth, frequently cast np on onr shores aftet storms, and 
known as the Angler-fish or Fishing-iiog {Lophiva pixa- 
toriui), appeaia in many cases to give shelter, as a billing 




Fig. 5S. — Angler (iojjAtm pireafonm). 

or nnwiUing host, to a kind of eel, vrhich lives witMn its 
capacious gill-chambers. The eel-gaest doubtless sabsists 
on the food-particles vhich may find access to its abodc^ 
fiom the equally capacioos mouth. The well-known Pilot- 
fish has received its name iiom its supposed habit of piloting 
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F[g. B7.— Pilot-fish, 
sharks towards their prey; whilst, as ^vas believed by the 
ancieubs, it also warned the sea-monster gainst dangers of 
all kinds. Of the mere fact of the companionahip between 
sharks and the pilot-fish, there can be no doubt; but it 
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seems to be doubtful if the attendance is of the disinterested 
kind just alluded to ; as the contents of the stomach in the 
pilot-fishy we are told, generally consist of food which it has 
picked up for itsel£ It is therefore not a mere parasite, 
but may probably follow the shark from the expectation 
that its chances of picking up food are greatest in the 
neighbourhood of so powerful a caterer. 

The Eemora, or Sucking-fish, in virtue of possessing a 
peculiar sucker on the top of its head, forms associations 
with, other fishes, probably as an aid to locomotion. Fixed 
to the body of another fish, this clinging companion is 
saved all further trouble of movement on its own account, 
and roams wheresoever its foster-friend may list. The 
ancients, it is curious to note, thoroughly believed in the 
powers of the remora to detain, by an exercise of immense 
or supernatural strength, any objects to which it might 
attach itsell Antonyms ship, at the battle of Actium, was 
reported to have been held fast by a remora, and the vessel 
of Caligula was alleged to have been similarly arrested. 
The fish itself attains the length of twelve or thirteen 
inches, and somewhat resembles a herring in its general 
shape. 

In the class of Birds, many notable examples of curious 
likes and dislikes of personal kind, if we may so style them, 
may be found. For whilst in some cases the Mendly com- 
panionships are very evident, so no less are examples of 
aversions and dislikes. The cuckoos thus present us with 
curious instances of semi-parasitic habits, in their invasion 
of the nests of other birds for the purpose of depositing 
their ^gs ; and the association between the birds known as 
Ox-peckers (Bwphaga) and cattle, is no less curious in its 
details, even if we consider that the reasons for the com- 
panionship are of very evident kind. The ox-peckers form 
a group of Perching Birds, inhabiting Africa; a familiar 
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ipecies being the Common Ox-pecker (Buphaga Africana) ; 
md their popular name, together with the designation— 
lot applied to birds alone — of Beef-eaters, has been given to 
/hem from their habits of following herds of cattle in great 
lumbers, and of perching on the backs of their bovine 
leighbours, for the purpose of extracting the larvae or 
iaterpillar-forms of the troublesome bot-flies. The eggs of 
hese flies being deposited in the back of the ox, and usually 
n a part which the animal is unable to reach with his 
ongue, give rise to a troublesome swelling, known as 
worble,* within which the young insects undergo part of 
heir development. The ox-pecker alighting on the back of 
he ox, soon contrives, by aid of his powerful and peculiarly 
haped bill, to extract the larvae — an operation seemingly 
onducted with gentleness and skill, and apparently relished, 
s a relief from pain, by the subject of the operation ; the 
xen evincing no uneasiness or objection, consequent on the 
ttentionsof these birds. In like manner, starlings in our 
wn country befriend sheep by ridding them of troublesome 
irvsB. In short, it would be difficult to find more typical 
ases of true co-operation for the purposes of mutual benefit, 
ian those before us. 

As an example of aversions on the part of very closely 
jlated birds, may be cited the case of the swifb and 
[limney-s wallow; these birds being rarely, if ever, seen to 
jsociate together; while the more positive fact of their 
version is exemplified in the instance, familiar to all orni- 
lologists, that when these two genera of birds take up their 
Dode in one street, the swallows will select one side, whilst 
le swifts retain the other. This conservatism in nest- 
iiilding extends to their more active habits ; for, when in 
ight, the two genera, so much alike in appearance and in 
leir selection of food, appear to preserve the same air of 
straint and non-companionship. And the consideration 
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of the present case is rendered all the more puzzling in 
its aspect, from our knowledge of the fact, that the house 
martin and chimney-swallow, in their earlier years at least, 
are close companions and friends. 

Amongst higher animals than birds, instances of the pre- 
ceding traits of character are by no means wanting. Thus, 
as far as unwonted familiarity is concerned, the expression 
* cat-and-dog life ' is not always synonymous with hatred 
and discord ; but is sometimes, on the contrary, indicative 
of the closest and most friendly attachment. A raven and 
a cat have become lifelong friends ; and rats and dogs, and 
cats and mice, have been known to lay aside their inherited 
differences, and to fraternise in the most amicable manner. 
Occasionally we may meet with examples of aversion 
amongst quadrupeds which are not readily explained; as, 
for instance, the commonly observed fact, that horses and 
cows grazing in the same j&eld rarely fraternise; whilst cows 
and sheep appear to be less conservative in their habits and 
associations. 

In zoological collections, companionships of unusual kind 
are not unfrequently formed ; and, although such traits of 
character are less surprising amongst animals of high intelli- 
gence, such as monkeys, instances are not wanting to shew 
that, as in some human friendships, the *■ contracting parties ' 
may be of very dissimilar kind. A large and powerful 
monkey has thus been known to staunchly befriend and 
protect a weak and insignificant brother, of different species, 
from the attacks of the other occupants of the cage, and also 
to reserve the delicacies, which his superior strength could 
secure, for his less agile companion. 

Some very curious, but at the same time uncertain cases 
of animal companionship, are constituted by the association 
■which is alleged to exist between those largest of living 
reptiles, the crocodiles, and certain kinds of small birds. It 
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1B& undoubtedly been observed that some small birds con- 
dnually hover around the haunts of these reptiles. The older 
laturalists firmly believed that the birds beMended their 
■eptilian neighbours, and ' gave them due notice of the 
approach of enemies ; but it is possible that this assertion 
las originated rather as a theoretical explanation of the 
:ompanionship— if such association really exists — than as 
in observation founded on fJEict The origin of such a mode 
if explaining animal companionships has already been 
llustrated by Pliny's account of the nature of the associa- 
ion between the Pea-crabs and their hosts the mussels. 

Sometimes, however, a case of apparent association may 
>e disproved by closer scientific scrutiny. A remarkable 
rorm-like organism had, for example, been long known to 
ccur in invariable association with certain cuttle-fishes. 
?hese * worms' were figured and described by various 
laturalists under the name Hectocotyli, and every one 
ppeared to be satisfied of their parasitic nature and life. 
5ut to the astonishment of the zoological world, more 
areful observation afterwards shewed that the supposed 
arasite was in reality one of the modified arms or tentacles 
f such cuttle-fishes ; the altered appendage having obvious 
earings on the development of these animals. 




ANIMAL DISGUISES AND 
TRANSFORMATIONS. 




GST people are aware, as a piece of commonplace 
knowledge, that many animals, before arriving at 
their mature or adult state, undergo a series of 
changes in form, of a more or less complete character. To 
such a series of changes the naturalist applies the term 
'metamorphosis;' and the study of the disguises which an 
luaimal may in this way successively assume, forms one of 
the most interesting and fascinating subjects that can 
attract the notice of the observer. 

The great insect-class presents us with the most familiar 
examples of these changes, and the butterflies and moths 
exemplify metamorphosis in its most typical aspect. Thus 
we know that from the egg of the butterfly, deposited by 
thci short-lived parent upon the leaves of plants, a crawling 
grub-like creature is first developed. This form we name 
the * larva ' or * caterpillar' (fig. 58, a) ; and if we might fail to 
recognise its relationship to the bright denizen of the air as 
flEir as outward appearance is concerned, we might also be at 
a loss to reconcile its internal structure with that of the 
perfect butterfly. Thus the latter is winged ; possesses a 
mouth and digestive system, adapted for the reception and 
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assimilation of flower-juicea ; and wlioUy diffsTS in atrne- 
ture and habits from its worm,-like progeny. The cater- 
pillar is provided with a mouth furnished with jaws, and 
adapted for hiting or mastication j its digestive system 
presents a type differing vridely from that of the perfect 
form ; and its crawling, terrestrial habits appear in strong 
contrast to the light and ethereal movements of its parent 

The life of this larva may be accurately described as one 
devoted solely to its nourishment. Its entire existence, 
whilst in the caterpillar state, is one long process of oon- 
tiniious eating and devouring. By means of its jaws it 




IV 58.— Development of a Bntterfly : 

MeUtniupho$il of itie Swallow-tailed Bulleillr {PafUiu Mackaa^ ', a, Lun or 
CiKrpiUu ; i. Pupa ; c. Imago, or pccrect form. 

nips and destroys the young leaves of plants, much to 
the gardener's annoyance ; and so rapidly does its body 
increase in size, that the first skin with which its body is 
provided soon cracks and bursts like a tight-fitting coat, and 
a process of moulting ensues. As the result of this process 
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the larva emerges, clad in a new skin, adapted to the 
increased size of its body. This second skin may similarly 
become inadequate to accommodate its ever-increasing 
growth, and a second process of moulting produces in turn 
a new investment. In this way the caterpillar may change 
its coat many times — twenty-one moultings have been 
counted in the development of the May-flies — and on arriving 
at the close of its larval stage of existence, may present a 
very great increase in size, as compared with the dimensions 
it presented at the beginning of its life. 

But, sooner or later, the caterpillar appears to sicken, 
and to become quiescent. Its former state of activity is 
exchanged for one of lethargy, from which it awakes to 
begin an operation of a novel and different nature from that 
in which it has been previously engaged. It begins to spin 
a delicate silky thread by means of a special apparatus, situ- 
ated in the head, and which consists of silk-glands, and of an 
organ named the 'spinneret.' Within the silken case or 
* cocoon ' ^which it thus constructs with the thread of the 
spinneret, the caterpillar-body is soon enclosed; the first 
stage of its existence comes to an end ; and the second or 
cocoon stage, marked by outward quiescence and apparent 
rest, becomes known to us as that of the * pupa,' * chrysalis,' 
or * nymph' (fig. 68, h). 

Although outwardly still, and although all the former 
activity appears to have been exchanged for a state of dull 
repose, changes of active kind, and of marvellous extent, are 
meanwhile proceeding within the cocoon or pupa-case. 
The elements of the caterpillar's form are being gradu- 
ally disintegrated or broken down, and built up anew 
in the form and image of the adult butterfly. Old 
textures and garments are being exchanged for new ones; 
particle by particle the outward and inward structures 
of the larva are being replaced by others proper to the 

E 
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matoie being; and in due coarse, and after a longer or 
shorter period, the cocoon is ruptured, and the perfect 
form emerges — a bright and beautiful creature, furnished 
with wings and active senses, and rejoicing in the exercise 
of its new-bom functions amid the sunlight and the floweis. 

Such is an outline of the familiar process by which the 
lanra or caterpillar of the butterfly becomes transformed or 
developed, to form the 'imago' or perfect and adult foim. 
And if we review the stages exemplified in the process, we 
shall be able to detect in each an obvious harmony and 
correspondence both with the preceding and with the 
succeeding stage. Thus we find that the life of the perfect 
and mature insect is at the best of a comparatively short 
and transient nature, and its energies are directed chiefly 
to reproduction — ^to the deposition of eggs, from which new 
individuals will, in due course, be produced. The larval 
stage, on the contrary, is devoted to nutrition ; to the 
laying up, as it were, of a store of nourishment, sufficient 
to last throughout the lifetime of the being, and to sustain 
it whilst its adult functions are being performed. 

Indeed, the entire lifetime of the higher insect may be 
divided into, or comprised within, two distinct periods. 
The first of these latter is the nutritive period, represented 
by the caterpillar-state, when the nutrition of the body is 
mainly provided for ; and the second period, no less defined 
than the first, is included in the life of the perfect form, 
which is devoted to reproducing the species. This last we 
might therefore term the reproductive period of insect-life. 

All insects, however, do not exemplify 'metamorphosis' 
in so perfect a manner as does the butterfly. The beetles, 
flies, bees, &c., and many other insects, undergo a process 
of metamorphosis essentially resembling that of the butter- 
fly; the characteristic feature of this form of development 
being that whilst the caterpillar stage is passed in activity, 
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the pupa or chrysalis is quiescent ; and from this resting- 
pnpa the active, winged insect comes forth. The diagon- 
fdeSy crickets, grasshoppers, and their allies, undergo, on 
the other hand, a less perfect series of changes than the 
foregoing insects. The young grasshopper, on leaving 
the egg (fig, 59, a), bears firstly a close resemblance to 
the perfect insect It is, further, not of worm-like con- 
formation, and in these two points differs from the larva 
of the other forms. Then, thirdly, it does not enclose 
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Fig. 59. — Metamorphosis of Grasshopper : 

Incomplete metamorphosis of Grasshopper {Gryllus tnridissimus) : a, larva ; 5, 
pupa, in which the wings are beginning to appear as lobes on the hinder portion 
of the chest ; c, imago or perfect insect characterised by the possession of fully- 
developed vrings. 

itself in a cocoon-case, but passes its chrysalis stage in 
a free and active condition. In this respect it again differs 
from the butterfly chrysalis; and its perfect form is 
attained simply by the development of the wings. So that, 
in reality, the chief difference between the young and 
the perfect form of the grasshopper consists in the non- 
development in the former of the wings, which are thus 
characteristic of the adult form. 

The Dragon-flies illustrate an essentially similar kind of 
metamorphosis, but also exemplify differences in the details 
of their development The young of the dragon-fly are active 
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creatiuea,inhabitingthewaterof pools; the ^gs finm vhicli 
they are produced havii^ been depodted by the parent in 
bunchee on the leares of watei-[Jauts. The larvie, i, an of 
brownish colour, and poaaeas six legs, and a peculiar appa- 
ratus of jaws, consisting of a pair of nippers attached to a 
movable, rod-like stem. This apparatus can be folded npoa 
the head, when it gives to the larva the appearance of being 




masked, and hence the name of 'mask' which has been 
applied to this structure. But on the approach of some 
unwary insect, the jaws can be rapidly extended to seiM thB 
nnfortunate victim, and convey it to the mouth of its capton 
The dragon-fly's yotmg are thus purely aquatic in habits, and 
propel themselvea along by ejecting water, which has been 
used in breathing, from the posterior extremity of the body. 
Having arrived at the close of its chrysalis-atage of 
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development — ^the chrysalis differing from the larva simply 
in its greater size, and in the development of the wings 
and perfect body within the papa-skin — the insect at length 
fixes its body to some water-plant. The pupa-skin next 
splits along the back, and the mature, winged insect slowly 
emerges therefrom. The crumpled wings soon dry, and 
acquire their normal consistence ; and the dragon-fly, &eed 
from the trammels of a mundane existence, mounts into 
the air, and * revels in the freedom of luxury and light.' 
Tennyson has aptly described this change in his lines : 

To-day I saw the dragon-fly 

Come from the wells where he did lie. 

An inner impulse rent the veil 
Of his old husk : from head to tail 
Came out clear plates of sappMre mail. 

He dried his wings : like gauze they grew : 
Thro' crofts and pastures wet with dew 
A living flash of light he flew. 

In these latter instances, as in the case of the butterfly, 
the nutrition of the insects has been proceeding during the 
earlier stages of life, and has been fitting them for entering 
upon the final part of their existence, which may extend 
for a longer or shorter period, but which is mainly devoted 
to the continuation of the species. The time occupied in 
the development of insects varies greatly in different groups. 
Cold and damp appear to delay this process. The chrysalis 
of a butterfly has been kept for two years in an ice-house, 
without undergoing development; whilst on removal to a 
warm place it became transformed into the winged insect. 
The Cockchafer occupies three years in its development, the 
duration of life in its perfect state being probably only a 
Bingle year. 
* In the frogs, toads, newts, and their allies, as representing 
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the higher yertebrate animals, we find well-known and inte- 
resting examples of changes in development. The larval 
&og appears before ns as the fjEuniliar tadpole, which breathes 
at first by outside gills, and then by gills developed within 
the body. Its form and breathing are thus at first fishlike, 
and it swims by aid of its elongated tail, which is provided 
with a delicate fin. The tadpole farther feeds npon water- 
plants, which it nibbles by means of the homy jaws with 




Fig. 6L — Development of the Frog : 

Successive stages — in the order of the numbers — ^from the egg almost to die perfect 

form. 

• 

which it is provided ; and it also possesses suckers on the 
under-surface of the head, and attaches itseK to fixed 
objects by aid of these organs. The hind-limbs first 
appear as little buds ^m the posterior portion of the 
body, and the fore-limbs soon follow. Then the tail begins 
to shrivel up, and to become rudimentary; lungs are 
meanwhile being developed ; the gills next disappear, and, 
finally, the frog leaves the water, and becomes for the 
remainder of its life an air-breathing and terrestrial animaL 
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The foregoing cases present ns with a few examples of 
the 'disguises' which animal forms may assume during 
their development £rom the egg; and we may at the 
present stage very briefly inquire as to the nature or 
reason, if any may be found or suggested, for the occur- 
rence of such phenomena. Broaidly speaking, the young 
of the insect undergoes the greater part of its develop- 
ment outside the egg and parent-body; and it thus differs, 
in one sense, only in the mode and place of its develop- 
ment,* fix)m the progeny of other and higher animals. 
It was long ago held that the most perfect examples of 
metamorphosis occurred in those animals the eggs of 
which contained little or no nourishment for the sustenance 
of the developing young; the offspring in such a case 
obtaining nourishment independently of the parent-body, 
and as it grew. 

These explanations, however, deal rather with the results 
than with the origin of metamorphosis. Why, in one 
case it should be so well marked, and, in other cases 
not occur at all, form considerations which have long 
puzzled the naturalist. It has been maintained by certain 
zoologists that the changes which any animal may in the 
course of its development undergo, illustrate its relationship 
with other animals, from which it may have descended, or 
with which it may possess relations of a genealogical kuid. 
Metamorphosis has thus been pressed into the service of the 
theories of evolution, which, as most people are aware, hold 
that all animals have descended from previously existing 
animals, or have been evolved from their predecessors, 
by or through various processes. Thus we find Mr Darwin 
maintaining that 'the embryonal (or young) state of each 
species reproduces more or less completely the form and 
structure of its less-modified progenitors ; ' and according to 
this view, we would therefore see in the young crab, with 
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its larval tail, a transient representation of the lobster-like 
progenitor from wliich the short-tailed crab-race was in past 
times developed and evolved. And with regard to insects, 
it is held that external or outside forces and conditions, 
acting upon the young or larval state, have had much to do, 
in the past, as well as in the present, with producing the 
differences between the various groups of insects ; the meta- 
morphosis of which presents us with a panoramic view of their 
origin and modifications. Whether or not these conclusions 
are true and good ones, time and the progress of research 
alone can tell ; but the importance and interest of such a 
study as that which forms the subject of these remarks, 
cannot be lessened by any theoretical considerations which 
become interwoven with it. 

In connection with the frogs and their neighbours it is 
interesting to note some facts which have been recently 
brought to light regarding the curious changes of structure 
exhibited by the quaint-looking amphibians found in 
Mexico, and named Axolotls. These animals (fig. 62) are 
somewhat lizard-like in general appearance, and possess 
compressed tails adapted for swimming; whilst from a 
cleft in each side of the neck three beautiful tufts of 
gills may be seen to protrude. The axolotl thus breathes 
by these outside gills, but the animal also possesses simple 
lungs; so that it is truly an * amphibian,' and is adapted 
for living both in water and on land. Until 1867, the 
axolotls were thought to represent a distinct species of 
animals ; but in that year the fact was made known 
that they may lose their outside gills, apparently in a 
perfectly natural manner, and may assume the exact form 
of a purely land salamander inhabiting North America, 
and long known under the name of Amhlystoma (fig. 63). 
The Amhlystoma, like the frog, breathes by lungs alone in 
its full-grown state, although it resembles the latter animal 
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ia posseesing gills ia ita yonng condition. The startiing fact 
vaa thua IiToaght to light, that an animal long thonght to ba 




Fig. G2.— Aiolotl, 
a fall-grown and perfect creature, and wMch liad ^ven every 
evidence of heing an adult form, could naturally assume the 
higher form of a purely air-breathing neighbour. These facts 




Fig. 6a— Ambljatoma. 

were brought to light by tho observation of axalotls irhich 
vrere kept in confinement; about thirty of these a^iimala 
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belonging to the Jaidin des Plantes at Paiis, having in 
1867 shed or cast off their gills, and appeared as pennanent 
land-dwelling beings. A !French natuialist, wishing to see if 
the artificial lemoval of the gills would have any effect upoE 
the axolotl's change of nature, cut off the gills' of one speci- 
men; but the animaly instead of being encouraged to a 
new mode of life, simply developed new gills to replace 
the lost structures, and remained peisistenUy as the well- 
known axolotL 

A German lady, Fraulein von Chauvin — ^whose name 
deserves to be held in remembrance by zoologists — ^has, how- 
ever, recently -shewn that by patience and perseverance in 
the treatment of the axolotl, and in the regulation of its 
mode of life, it may be made to assume the form of the 
Amhlystoma. The axolotls experimented upon by this 
lady, were first induced to adapt themselves to a life on 
land, by the water in which they were contained being 
made shallower. Some specimens which were ultimately 
taken wholly out of water did not thrive well, and great 
di£&culty was experienced in feeding theon; Eraulein von 
Chauvin ingeniously thrusting a worm head-first into the 
patient's mouth, and causing it to wriggle downwards into 
the throat, so that the re&actory axolotl was obliged at last 
to swallow the morsel After a life of fifty days on land, 
three out of the five ftpinr^ftla selected for experiment died, 
exhibiting, however, at the time of their death, a marked 
decrease in the size of the gills. The two survivors, 
however, flourished on land, and the tail-fin and gills 
literally grew 'small by de^;zeei^ and beautifully less,' 
with the result that when the axolotls were restored to 
their former element, they made all haste to get back 
to terra firma. As time passed, not only did the gills 
shrivel up and disappear, but the clefts through which 
they were emitted also closed up. The tail lost its fin, 
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and became ronnded like the tail of Amblystoma ; whilst 
the skin — soft and moist in the axolotl — ^became of denser 
texture, and developed the black and yellow colour of the 
land animals. The axolotls, thus metamorphosed into 
Amblystomas, evidently found their appetite anew with 
their change of structure, and ultimately required no coaxing 
to cause them to take their natural food. 

These curious facts exhibit to us the means whereby 
Nature may, in the past, have produced the races of these 
air-breathing animals, by the modification of water-dwelling 
animals. And no less instructive are the details of the 
disguises under which, on the other hand, a truly land-living 
and air-breathing animal may be made to adapt itself to a 
water existence. like the frogs and all its other neighbours, 
the Black Land-salamander of the Alps begins life as a 
tadpole possessing gills ; only, having no access to water on 
the mountains, the gills are cast off before the young 'leave 
the paren1>-body, so that after birth these animals breathe by 
lungs alone. Fraulein von Chauvin having obtamed two 
young salamanders before they had been hatched, and 
when they still possessed gills, placed these young gill- 
possessing forms in water. One soon succumbed to the 
change of habitation, but the other, after four days' life in 
the water, cast off its first gills, and developed a second set, 
and also a tail-fin for swimming. !For fifteen weeks this 
young animal — ^which in the course of its natural develop- 
ment should have been running about on land as a true air- 
breather — existed below water, apparently making the most 
of its existence. But after that period, the gills were cast 
off, lungs were developed, and the erring salamander re- 
turned to the ordinary life and ways of its kind. In this 
case Nature was tempted to reverse the usual order of develop- 
ment, and to permit an animal to remain for a time in a state 
inferior to that of its adult and ordinary existencei We are 
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again taught an important lesson, not only residing the 
power most animals possess of accommodating themBelvee to 
outward ciicumatauces, but also concerning the important 
and pennanent effects these ciicumatances may induce in 
the life and structure of living beings. 

Sometimes, however, ve meet with cases in which the 
transformations which an animal undergoes, lead not to a 
higher or superior state, but terminate in a condition lower 




than that exhibited by its young or larval period. The 
familiar Barnacles (fig. 64, A) and Acorn Shells which incrust 
floatii^ timber and rocks, begin their existence and leave the 
egg in the form of little creatures (fig. 64, B) — each known 
as a Nauplive — which swim actively through the irater. 
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The body of each of these larvse is somewhat oval in shape^ 
and is covered by a buckler-like structure ; whilst, like the 
Cyclops of old, it possesses a single ey& An elongated ' tail ' 
is developed, together with three pairs of swimming-feet; 
and altogether the young animal is as different from the fixed 
barnacle as could well be imagined. This larval form, like 
the caterpillar of the insect, moults frequently, and then 
the nauplius becomes a pupa or chrysalis. In the latter 
fitage, the body is enclosed in a ' shell ' consisting of two 
pieces ; whilst the first pair of limbs or feet have become 
converted into large ' feelers,' destined to play an important 
part in the future history of the animaL The final stages 
in this curious development are ushered in by the casting 
away of the two remaining pairs of feet of the larva, and 
by the development of six pairs of strong jointed feet 
on the under part of the body of the pupa, which at 
this stage possesses two compound eyes. Ultimately this 
wandering pupa attaches itself by the large feelers to some 
piece of drift-wood ; these organs being glued to the fixed 
object by a special 'cement.' The eyes are next cast oflP; 
the shell of the adult barnacle becomes developed ; and the 
six pairs of feet are transformed into the tentacle-like 
organs (fig. 64, A), which in the living barnacle are seen to 
be continually sweeping in and out of the shelL Thus we 
note in this case, that a free, active being, provided with eyes 
and other organs, becomes developed into a stay-at-home, eye- 
less barnacle; the process of development thus illustrating 
what is known as ' retrogression,' or physiological backsliding. 
In certain relations of the barnacles, we may meet with 
still greater differences between the young and the adult 
animal ; the former appearing to possess all the advantages 
of perfect structure, and the latter appearing as a forlorn 
and destitute creature in comparison with its earlier stages. 
Attached to the bodies of certain kinds of crabs, little sac- 
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like pprmalg may be found. From these animal-Baca (fig. 66, 
A) loots are gwen oi^ and these roots penetrate into the body 
of the dab, and serve to attach their possessors firmly to 
the latter animaL Each of these little baf^ ia appropriately 
named a Sacculma, and as we note the sacculina attached to 




the crab, we might well thinfr it to represent simply stane 
curious and unnsnal outgrowth from the body of that animal 
If we slit open the sac, we find it to contain ^gs, but we 
can gain thus no information r^arding the exact latbm of 
the stmctnre or being, whatever we may term it. 

Let us, however, watch the development of one of the eggi 
of the Saccolinarbody, and we shall obtain materials for 
a curious study in animal transformations. From each e^ 
there will issue a little oval body (fig. 66, B), covered with 
a back-shell, and provided with four feet, to which long 
bristles are attached, and also possessing two long feelers. 
We thus see that the saccnlina-egg has developed into a being 
resembling the young barnacle ; and like the latter form, tlie 
young sacculina swims merrily through the sea. Soon the 
shell of the back becomes folded, and develops two pieces, 
like the larva of the baniacle; and as in the latter, six pairs of 
additional feet appear. The young aacoulina and the young 
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bftmacle might in &ct be i^arded aa identical, since at 
this Bt^e no difTerence ia perceptible between tbem. 

The feelers next become greatly developed, and gtow 
into the form of branched root-like oigana. The yoni^ 
eaccolina then seeks oat some ciab-host, and attaches itself 
thereto by means of its root-like feelers. The shell and 
othra organs drop of^ and the formerly active and free-shim- 
ming beiog becomes thus transformed into the inert bf^-like 
SBCColina, the e^a of which will each repeat the cnrioos 
cycle of derdopment through which their progenitor itself 
has passed. 

8ach a stady, heeides revealing to ns some very astonish- 
ing phases of animal life, shews ns how animab, differing 




Fig. 66. — FeatacrinaH Capat-medowe. 
widely in their fiUl-gtown state, may be proved to be in 
reality closely related thio^^h their development. The 
Sacculina is thus seen to belong to the class Cmstacea, to 
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-whicli not only tlie iMrnacles, bat the ciabe, lobsteis, and 
tbeii neighbours belong; simiUrify in derelopment being 
reasonably regaided aa proving the trae identic and roU- 
tionahip of fttiimala. 

A concluding instance of ctmons features in animal 
iiansfonnations is presented by the development of the 
beautiful little star-fish known as the Bosy Feather-stai — 
the Antedon rosaceue of the natnialiaL lu 1823, Mr J. 
V, Thompson discovered in the Cove of Cork a little stalked 
creature, which he named Pentaerimts EurojxBiia, and 
which was thought to be a new species of Crinoids or lily- 
stais (fig. 66), each of which may be compared to a star-fish 
iSet on a stalk. Imagine the astonishment of the discoverer, 
trhen in 1S36 he for the first time saw the atar-fiah head 
drop off from its stalk; the detached star-fish appearing as 
the well-known rosy featber-atar, of whose development 
the scientific world was previously ignoianL Bat the 
feather-star is at the same time a tme crinoid, and not 
related, in a close fashion at leaa^ to the staivfiahes. It 
aimply differs from other crinoids in being stalked during 
the earlier portion of its existence only. 
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|HERE can hardly be any greater diversity observed 
in the animal series than that exemplified in the 
yarious means whereby animals are enabled to 
assume an offensive or defensive aspect. From the lowest 
to the highest grades of animal life — excepting perhaps man 
himself — ^we find ample provision made for the exigencies 
of animal existence, in so far as these exigencies demand 
the use of some apparatus which gives its possessors some 
advantage or other in the 'struggle for existence.' Un- 
doubtedly, in his superior intellectual organisation, which 
enables man even in his rudest state to avail himself of 
almost every feature in his surroundings for advantage and 
defence, the human subject has been endowed above all 
other forms; and he therefore compensates himself by 
varied arts and stratagems for the want of the more rigid 
and natural appliances of lower forms. But if it be true 
that art is most to be admired when it closely imitates 
nature^ then the policy of man in his imitation, con- 
scious or unconscious, of the many offensive arts of his 
humbler neighbours, must claim from us a fair share of 
favourable criticism. 

L 



178 ANIMAZ LIFE AJtD SABITS. 

Tkns, it is a strikiiig fact, that very manjr human means 
of defence ot offence find theii prototypes, or at least 
etrangelj analogous features, in the extensive aimoory of the 
animal world at large. The lasso may be found imitated in 
the apparatus -whereby such a simple form aa the Hydra, 
or tiny Fresh-water Polype (fig. 67), 
secnies its prey. Or, when human shaip- 
shooteis think to conceal their where- 
abouts most effectually fiom the foe$ 
they purpose to annoy, and clothe them- 
selves in garments of neutral tint the 
hne of which shall most nearly resemble 
that of the objects amidst which they 
are located, this principle of imitation 
of natural objects again finda » strict 
parallelism in the animal world. For 
it is a lamiliar fhct to all obseireis of 
nature, that the colour of most ■.•nimalB 
resembles more or less that of their 
natural snrroundinga. The colour cf 
the sand-gronse, for instance, and other 
A and species of grouse, of partridgeB and 
other birds inhabiting heaths, or of 
fiounders and other fishes inhabiting the sand, strictly 
approximates in character to that of their dwelling-places, 
and serves to conceal and protect such beings. The wood- 
cock, for example, is not easily distinguished on the groond. 
Butler in bis Hudibrag says that 

Fools are known by looking wise, 

Ab men find woodcocks by tkeii eja« — 

the remark ot the satirist having referwice to the bright 
black eyes of these birds. And when we further discover 
tiiat, in not a few cases, this principle of similarity to their 




Fig. 67.— T!io lo 
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suiroimdings is carried in some animals — sncli as the Leaf- 
insects and Walking-stick Insects — to the extent of close 
and actual mimicry, our surprise is increased. 

Or lastly, when we find, as in the latest phase of modem 
warfare, that the concealed torpedo is used as a subtle and 
powerful means for effecting the destruction of whole fleets, 
the fact cannot but call to mind the electrical apparatus of 
some fishes — and notably that of the Torpedo or Electric 
Eay — ^which exists as a natural means of defence, the powers- 
of which, few, if any, of their less-favoured neighbours care^ 
to test or provoke. 

Whilst the consideration of the more prominent and 
typical means of defence in animals may very reasonably 
occupy our brief attention^ a few words on the subject of 
Mimicry in the animal series may also prove interesting, 
more especially as this form of protection, through imitation 
of their surroundings, forms a simple yet effective means 
of defence to many beings. We have already referred to 
the readily perceived and very general correspondence in 
colour seen throughout the animal world between ftniTnalg 
and their abodes ; and of the more general aspects of this 
condition nothing further need be said. The more special 
and striking developments of mimetic resemblances are 
found in cases in which not merely the general colour of 
their environments is imitated, but where resemblances of a 
close, and sometimes of a very extraordinary kind, to other 
animals, to plants, or even to inorganic objects, are to be 
noted. In the] leaf-insects (fig. 68), which are included in 
the same order as locusts, crickets, kc, for example, the 
wings are not only coloured to resemble leaves, but their struc- 
ture imitates in the most exact manner the appearance of the 
veins of the leaf. I^or does the principle of imitation end 
with this suf&ciently remarkable effect. In some leaf-insects 
the colours of the leaf-like wings actually change with the 
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Aeasoa of the year ; as if in the most perfect sympathy and 
■ harmony with the alteiatioii of colours in the actual leavee. 
And the mimiciy becomes of still more perfect kind, to om 
thinkingj when we find that the wings of the leaf-insect 




F3g. 68.— Leaf-Iiueiit 
-exhibit even the diatacteiistic markings we are familiar 
with in leaves as produced by the attacks of minute insects 
and of parasitic plants ; Nature thus imitating not meiely 
the natural structure of the leaf, but the very imperfections 
.and diseases to which the leaf is subject. It has been 
suggested that little leaf-eating parasites may be them- 
selves deceived by the mimicry of their larger ndghbonrs, 
and may actually eat into the wings of the latter, and thus 
produce the eroded appearance. But even if this latter view 
be correct, it only makes out a stronger case for the perfect 
representation of the leaves in the wings of the insect Kr 
Wallace has given us a veiy typical examj^e of another such 
«ase of the imitation not only of leaves, but of the natural 
parasites of leaves, in a butterfly, the wings of which, on 
their under-surfaces, resemble leaves ; whilst the iautations 
of decay of leaves and of the fungi that appear thereon, are 
so olos^ that, as Mr Wallace remarks, ' it is impossible to 
avoid thinking at first eight that the butterfiies themselves 
have been attacked by real fungL' 

The Walking-stick or Spectre Insects (%. 69), as they are 
called, in their turn imitate, in the skeleton-like structure of 



ANIMAL AEMOURIBS. 



181 



their bodies, the appearance of dried twigs; and it is a 
singular fact that even in their awkward, ungainly manner 
of walking, the resemblance to the movements of twigs dis- 
turbed by the wind is clearly perceptible ; the mimicry being 
rendered more realistic through this latter phase. Then, also. 




Kg. 69. — ^TTalkmg-stick Insect. 

we find certain harmless groups of moths imitating closely 
the outward apx>earance of species of stinging bees and 
hornets. Another remarkable case of mimiciy is the well- 
known instance of some inodorous South American butter- 
flies, which perfectly reproduce the external appearance of 
other butterflies, the latter emitting a most offensive odoui: 
The reason assigned for this latter phase of mimicry is the veiy 
feasible one, that the inodorous forms are protected ham the 
attacks of birds by their resemblance to their strong-smeUing 
neighbours. As a last instance of this curious phase of 
animal organisation, we may note the example furnished by 
those curious little flshes, the Hippocampi^ or Sea-horses. 
The bodies of these flshes become covered with long 
streamers of certain kinds of sea-weed ; so that when these 
fishes rest amidst the sea-weed-covered nooks of their marine 



182 ANIMAL LIFE AND HABITS. 

grottoes, the presence of their streamers serves to render 
detection by their enemies no easy matter. 

Eeferring to the explanation, if such can be afforded, of 
these mimetic resemblances, there can be little donbt that^ 
viewed as to its ultimate use and purpose, the condition of 
mimicry serves in the most effective manner as a means of 
defence and protection to the animals so endowed. The 
resemblance of the colours of birds to that of their habitat, 
presents an obvious instance of this purpose ; as also does 
the more complicated example of the imitation by scentless 
butterflies, of theii odorous neighbours. But as regards the 
exact means whereby the condition of mimicry is attained 
and perfected, or concerning the exact causes of its assump- 
tion and development, natural history science in its prac- 
tical aspect remaios silent; although the bolder march of 
theory and speculation may indeed lead us for a little way 
towards the solution of the problenu At anyrate, there 
can be no difficulty to our clearly appreciating the work- 
ings of a great law of purpose and design 
in the production of mimicry, as serving to 
protect the weak and less powerful against 
stronger and better-provided animals. 

Turning now to some lower forms of 
animal life, we find in such forms as the 
HydrcB, or common Fresh-water Polypes, 
the Zoophytes, Sea-anemones, Jelly-fishes, 
and allied forms, excellent examples of very 
Fig. 70.— Thread- specific means of defence and offence in 
. ^^ /' „ ^ animals. Within the tissues of the bodies 

A, thread-ccU of „ . i x-l x* 

Hydra (at rest); 01 tuese orgauisms, wheu these tissues are 
B, vath thread microscopically examined, numerous little 

sacs or cells, varying in size and form, may 
be observed. To these cells the appropriate name of 
'thread-cells' (fig. 70) has been given. When their stmo- 
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tare is mvestigated, each little cell is seen to possess au 
elastic T?all of doable nataie ; the inner layer of the wall 
being strong, whilst the onter one is of thinner and more 
delicate teztare. The apper or open extremity of the inner 
layer of the sac is prolonged to form a kind of sheath, 
which protects and gives origin to a thread-like filament, 
&om the presence of which, indeed, these cells derive their 
name. This ' thread,' in the ordinary condition of the cell, 
is coiled ap within the interior of the sac, and around its 
own sheath; and in many cases both thread and sheath 
may be discerned to be provided with minute spines or 
hooks. The cell itself in addition, contains a floid, amidst 
which the thread is submerged. 

Such is the essential structuro of a thread-cell in its 
normal state of what we may term repose. When such a 
structure, however, is pressed or irritated in any way, the 
cell ruptures or bursts, the contained fluid escapes, and the 
thread and its sheath are quickly protruded or thrown out 
isom. the opening in the cell K now the thread and fluid 
are observed to come in contact with any body of appro- 
priate and assailable kind, such a body will exhibit certain 
symptoms which will indicate to us the probable naturo of 
these curious cells. Thus, when the tentacles or feelers of the 
Sea-anemone, or of any of the Zoophytes {^g. 67), come in 
contact with a minute or susceptible organism adapted for 
food, the prey is first observed to struggle to escape horn 
the entwining filaments which encircle its body. Soon, 
however, its active exertions cease, and the victim appears 
paralysed and incapable of helping itself, or of struggling 
longer with its captor. The thread-cells, in other words, 
have been discharging their miniature darts or 'threads' 
into the body attacked; the fluid — ^in all probability, of 
acrid or poisonous nature — ^has been poisoning the tissues 
of the straggling organism; and the observation has 
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revealed to us that the functionB of the cells are undoabt- 
edly analogous to those of the aeipent's &iigB and poison' 
gland, in that they Berve to paialyse and Irill the pi^. 

As might natarally bo supposed, &e power of the thread- 
cells varies in different species and groups of the animals 
that possess them ; but there are some forms of Coelenteiate 
animals — for thus the Hydne, Sea-anemonea, and their allies 
are collectively named — in 
which the stinging-cells are 
of sufficient size and power 
, to inflict severe pain on man 
Aristotle was fully 
of this latter £tct, 
when he named the Jelly- 
fishes and their allies Acale- 
ph(e, or ' Nettle-like' animals. 
And bathers and swimmers, 
through instinct, if not 
through zoological know- 
ledge, generally and wisely 
contrive to give the Jelly-fishes a wide berth in their 
marine meanderings. The late Edward Forbes, in his 
humorsome manner, says of one species ot jelly-fish, that, 
' once tangled in its trailing " hair," the unfortanate who 
has recklessly ventured across the graccfiil monster's path, 
too soon writhes in prickly toriiura Every struggle,' he 
continues, ' but binds the poisonous threads more firmly 
round his body, and then there is no escape ; ' for, as the 
naturalist informs us, even when the arms or tentacles are 
cast loose from the body of the jelly-fish, they 'eting as 
fiercely as if their original proprietor itself gave the word 
of attack.' The AhW Dicquemare, an observant French 
naturalist, found that some species can sting only the more 
sensitive parts of the body, such as the eyes. But FOTbee'e 




Fig. 71.— Khiiostoraa. 
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remark on tho Abba's experiment, that most people fvonld 
prefer 'keeping their eyea intact, to poking medusffi into 
them,' wUl coincide, we imagine, 'with the opinions of most 
of oar readers. It is equally worthy of remark that 
'appearances' in natural history, as in ordinary life, are 
apt to be ' deceptive ; ' and looking at tho grace and beanty 
of the Jelly-fbhes, one m^ht Lardly be disposed to credit 
them with such virulent powers. 

The most notable offenders of the jelly-fish class, in 
respect of their stinging powers, are the Plii/saUis, or 
Portuguese men-of-war, as they are popularly termed — a 
group of beautiful oceanic forms, met with floatii^ far out 
at sea, especially in tropical latitudes, and presenting the 
appearance of a bladder-like structure, provided with a crest 
and trailing streamers, all coloured 
ofthe most ethereal and beautiful i 
of hues. "When tho tentacles of 
a Physttlia are allowed to come 
in contact with the human akin, 
the thread-cells — which are of 
large irelative size — sting so 
severely, that the effects of the 
irritation may persist for a con- '^ 

slderablo time, and may give rise ^t- 72.-Head of Serpent 
in some cases to very painful after-effects. The thread-oelU 
in the tentacles of the common species of sea-anemones 
have no effect on tho skin of man ; but as the writer has 
fi^quently demonstrated, if the tentacle be allowed to touch 
the more delicate mucous membrane of the lips, a slight 
stinging sensation, accompanied by temporary numbness, 
may sometimes be felt. 

Passing in review the higher groups of the animal king- 
dom, we find an endless variety of contrivances subserving 
offensive purposes, or limited to the milder purposes of 
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defence. Shelli, Bcales, and platea of ereiy kind, with 
special modifcaticma foi epecifd pnrpoBea, may thna readily 
be selected as examples ; spinea and allied aimamenta of 
all shapes and sizes ; the poison-faiigB and virulent Becre- 
tions of centipedes and serpents, and the sting of epiders, 
scorpions, and bees, poaaeasing snie and aometintes deadly 
effect on those they attack; and, in quadnipeds, strong 
claws and teeth imited to equally powerful muscles — such 
are a few examples of the endless stores of weapons 
contained in animal armouries. 




FOOT-PRINTS ON THE SANDS OP TIMK' 




iONGFELLOWS weU-known line wiiidi heads 
this chapter is hy no means so metaphorical as is 
generally supposed. On the contrary, the geologist 
is able to point to hmneions instances not meiely of foot- 
prints which have been impressed on the sands of past ages, 
but to important discoveries r^arding the past life of our 
globe, which have lesolted firom the study of these im- 
pressions. It may, therefore^ fonn no uninteresting study 
if we endeavour, even in a cursory maimer, to glance at 
some of the chief fi&cts which the search amongst the frag- 
ments of other worlds has brought to light and disclosed. 

About the year 1823 the Bey. Dr Duncan, a thoughtful 
and observant geologist, directed attention to the curious 
markings on certain sandstones in Dumfriesshire, which 
bore a singular resemblance to the foot-prints of reptiles of 
large size ; and in 1834, foot-prints of very large size, and 
which exhibited a dose likeness to the general shape of the 
human hand, were discovered in Saxony, in rocks of the 
same age as the Dumfriesshire sandstones. The resem- 
blance of these foot-prints to the form of the human hand 
gave origin to the name of Cheiroihenum, oi * hand-beast,' 
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bestowed upon the then unknown animal, which had walked 
over the surface of the formation when it was soft and 
fresh. The discovery thus made, as we shall presently 
note, led to others of exceeding importance and interest ; 
whilst the attention of geologists was in this manner directed 
to a new source of information regarding the animals of the 
past, the department which more especially investigated 
these impressions being named Ichnology, or * foot-print lore.' 
It may appear a strange and wonderful thing that we are 
enabled from a mere foot-print, or a fragment of a bone or 
tooth, to build up and restore the entire frame of an animal 
But in reality, the process of reconstruction is less wonder- 
ful than might be supposed, since the geologist merely takes 
into account two chief facts — which lie indeed at the root 
and foundation of his science — firstly, that the present is 
the key to the past ; and secondly, that Kature is consistent 
and imiform in all her ways and works. 

Bearing in mind these two chief facts, let us try to under- 
stand how they may be applied to unravel the mystery 
which overhangs the past of our earth, and to enable us to 
read the literal ' sermons in stones,' which are written so 
widely and unsparingly that even * he who runs may read.' 
The foot-prints in the rock, to begin at the beginning, were 
evidently imprinted when the rock-surface was soft and 
fresh, and before it had become consolidated into the hard 
imyielding stone. How the impressions have kept their 
outline and form we shall presently note ; but that we may 
form an idea of the circumstances imder which foot- 
prints are impressed and formed, we may turn to the 
world at large, and survey the habits of various animals, 
and more especially of those which dwell near lakes or 
by the sea. If we walk along a sea-beach at the ebb 
of the tide, particularly where a layer of soft and 
£ne mud has just been deposited at the farthest margin 
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and slope of the shore, we may form some idea of the 
initial stages in the formation of foot-prints. Yonder, 
a sea-gull has just risen in flight, startled by our too near 
approach. If we carefully note the spot over which the 
gull has walked, we shall And abundant evidence of its 
presence in the numerous foot-prints it has left behind, 
clearly imprinted in the soft mud, which is bearing 
fiimHar evidence in the shape of our own foot-prints to the 
presence of other and inquiring bipeds. When we scrutinise 
the impressions left by the gull, we may form some idea 
not only of the nature and kind of the bird itself, but also 
of its probable size. Thus we And the impression of three 
front toes, which we can also learn from the foot-print were 
united, as we know the front toes of the gull to be, by a 
web or membrane ; whilst, from the faint impression of the 
hinder toe, we might hazard the guess that it was of small 
size, and unconnected with the other toes by the web. The 
manner in which the foot-prints succeed one another would 
afford us information regarding the two-legged condition of 
the creature, even supposing we did not possess exact know- 
ledge of the existence of a lower race of animals which 
walked on two limbs ; and, as will be presently exemplified 
by the consideration of the giant foot-prints of the Con- 
necticut Valley in America, the inference as to the two- 
legged nature of the animal is by no means an unim- 
portant observation. 

Suppose, next, that a sandpiper or lapwing is seen run- 
ning along the sea-beach, and that we examine the impres- 
sions left by this bird, we shall find the foot-prints in the 
latter case to differ materially firom those of the gulL The 
imprints of the toes, like those 'of the gull, will be three in 
number, but no trace of a hinder toe will be seen; this 
latter member in the sandpiper being not only of small 
and insignificant size, but being raised off the ground on 
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the back of the foot And we may thus draw a number of 
leasonable inferenceB respecting the-natnrey stroctnrey and 
habits of the birds which have left their impressions on the 
sea-beach, even although we may haye no opportunity of 
observing the birds themselves. These examples, which 
might be extended to include other groups of animals, 
will sufi&ce to shew the general principles on which the 
geologist investigates *the^ foot-prints of the rocks. Sett- 
ling, in the first instance, their animal nature, he proceeds 
to argue respecting the unknown £rom his knowledge 
of the known. The more x>6rfectly he understands the 
present state of matters in the world, and as regards its 
living things, the more perfect and correct will be his 
deductions respecting the things and objects of the past. 
He uses his knowledge of the present, in other woids, 
as the key which unlocks the puzzle of the past. 

It may, however, be shewn that the principle thus illus- 
trated applies equally weU to the investigation of incidents 
in the past history of the earth other than those which, belong 
to the higher animals. In the sand of the searshore we per- 
ceive countless worm-burrows, and the tracks of wandenng 
crabs and other forms of marine life, plainly impressed on 
the yielding material The observation of the wind-driven 
rain-shower which sends its drops deep into the soft mud, 
and of the wavy lines of sand-ripples — ^those 

Long waves on a sea-beach, 
Where the sand as silver shines — 

which mark the gentle and declimng action of the waves, 
may furnish us with the knowledge whereby we may account 
for markings on many of the rock-formations of our eartL 
For, when we disinter the masses of stone from a quarry, 
and see thereon represented the petrified sand-marks and 
wave-ripples, the marks of the wind-blown rain-drops, and 
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the burrows of ancient worms, we can explain how these were 
formed from the knowledge of the existing sea-beach which 
the observant eye affords; and we may perchance be able in 
some cases to tell the direction whence that old rain-shower 
came, as the wind blew its drops against the then soft sand 
or clay. Again we are reading and explaining the past by 
the light of the present, and we have been tacitly assuming 
that nature has been uniform and consistent ; since we have 
supposed that winds have blown, that rain has fallen in 
the past as in the present, and that the conditions and 
actions wo see now, were those which existed and acted in 
the far-back and ancient past. 

The manner in which these foot-prints and other marks 
are preserved, notwithstanding the pressure and consolidat- 
ing process to which the soft materials are subjected in the 
course of rock-formation, is also fully explained to us by 
the simple and careful observation of nature. It was long 
ago pointed out that in many sea-beaches the composition 
of the sand and mud is admirably adapted for receiving and 
retaining impressions made upon it. The heat of the sun 
will further act in hardening the mud, and necessarily in 
fixing, as it were, the outlines of the foot-print. The return- 
ing waves, laden with soft particles of new matter, will fill 
up the impression as a mould is filled with the substanco 
of which a cast is to be made ; and each succeeding layer 
deposited above this first one, will tend simply to fix 
the mould and the cast firmly in place. Consolidation and 
pressure in due time succeed. The once soft material has^ 
after the lapse of ages, become the solid rock ; and when 
the block of sandstone from the quarry or the cliff is split 
asunder, we behold on the one face of our split portion 
the mould, and on the other face the material which has 
filled it up. Or, as may be seen on our coasts, the foot- 
prints and impressions may become filled up with fine sand 
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which has been blown over the beach in cloads by high 
winds. This dry sand becomes moistened by the return 
of the tide, and new material is also added thereto, the 
cast being thus fixed gradually in the monld. Carious 
indeed it is to think that under our eyes are beang thus 
formed the impressions which may afford matter for thought 
to future generations ; whilst the subject no less impresses 
upon us the great importance in scientific research of noting 
what may appear at first sight to be very commonplace 
circumstances and very trivial things. 

Perhaps the oldest foot-prints or traces of animal 

life that are known^ exist in 
the Cambrian rocks. In these 
formations we find numerous 
worm-burrows and worm-tracks. 
Some of these burrows are 
straight (Scolithus) ; others are 
Fig. 73. — ^Worm Borings curved, such as those named 
(ArenicoUtes) : uigtioderma ; and others again, 

From Cambrian Rocks. ^ . •,., •» 7 

such as Arentcohtes, are looped, 
and open by two apertures on the surface. It is needless 
to remark that the animals which have constructed these 
burrows are entirely unknown to us, but the traces they 
have left behind present evidence of their existence and 
nature, as positive as that which would be afforded by the 
discovery of their remains. In these same Cambrian rocks 
occur impressions of peculiar kind, consisting in each case 
of a series of well-marked and somewhat rounded imprints, 
situated on each side of a middle furrow, exhibiting varied 
depths. These impressions exist in pairs, but there are no 
marks which would correspond to the imprint of toes or 
nails. During the period corresponding to the formation 
of the Cambrian rocks, the only actively organised animals 
were crustaceans of peculiar type and form, named TrUobites* 
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It is therefore a fair inference that these peculiar mark- 
ings were produced by some large, extinct, crab-like 
creature possessing divided limbs and a prominent tail; 
the latter member forming the middle impression as its 
possessor slowly drew it along through the sand of that 
primitive shore. 

The more definite and more readily determined fossil 
foot-prints of higher ani- 
mals are exemplified very 
clearly by the case, already 
mentioned, of the Oheiro- 
tlierium — ^the unknown 
animal whose foot-prints 
were discovered in 1834: 
near the village of Hess- 
burg in Saxony, These 

foot-prints bear, as pre- Fig. 74.-Labyrmthodon Foot-prints. 
.viously mentioned, a close 

resemblance to the general form of the human hand. They 
were also found to occur in sandstones in Warwickshire 
and Cheshire in England; and were discovered on the 
slabs of stone being split asunder, when the one face of 
the stone exhibited the impression, the other face shewing 
the foot-prints in relief. The impressions of the hinder 
feet each measure eight inches in length, and five inches 
in breadth; and close by each of these larger imprints, 
and at a regular distance of an inch and a half before 
the latter, a smaller foot-print, corresponding to the impres- 
sion of the fore-foot, exists. The distance between one 
pair of foot-prints and the succeeding pair is about fourteen 
inches ; and each foot-print shews the small thumb or outer 
toe to have been borne on the outermost side of each foot. 

A closer examination of the foot-prints revealed the fact 
that they most closely resembled those of the well-known 

H 
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Balamanders, since the short outer toe of each, hind foot 
projected almost at a right angle to the middle toe ; whilst 
it was also determined that no known reptile or amphibian 
animal could form an impression corresponding in all points 
to that of the CheirotheriunL As time passed, however, 
and as further discoveries in the extinct life of the rocks 
were made, the fossil remains of animals of large size were 
found, the animals to which these remains belonged being 
named Lahynnfhodons, &om the complicated nature of the 
teeth. The skull of one species of these animals measures 
three feet in length and two feet in breadth, and indicates 
the development of an animal, the dimensions of whose body 
must have been sufficiently large to have produced the huge 
foot-prints of Cheirotherium. The body in these creatures 
was covered with bony plates, whilst the limbs were weak 
in proportion to the size of the body, and a long lizard-like 
tail existed. In the Labynnthodons, then, the remains of 
which occur in the rocks in which the Cheirotherium foot- 
prints were found, we find the authors of the latter impres- 
sions ; the inferences drawn from the foot-prints as to the 
peculiar nature of the animals which formed them, being 
fully borne out by the discovery of the animals themselves. 
Passing by the foot-prints found in the !N"ew Red Sand- 
stone rocks of Dum- 
friesshire, and which 
are supposed to be 
those of extinct tor- 
toises, we arrive at the 
famous impressions, 
supposed to be those of 
the feet of birds, which 
Kg. 75.— Foot-prints of a Tortoise : -^rere first noticed in 

From the Permian Sandstone of Annandale. 1835 in the Triassic 

sandstones of the Connecticut Valley in the United States. 
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These foolrprints were discovered by Dr Deane of Green- 
field, U.S., and were by him described as those of birds. 
This announcement elicited considerable surprise and 
evoked much interest, for two reasons. Thus, firstly, 
the discovery of these impressions had brought to light 
the first evidences of the existence of birds on the earth ; 
and secondly, the large size of the foot-prints shewed 



Fig. 76.— Foot-prints of Birds : 
On the Oolitic Sandstones of Connecticut 

them to have belonged to birds, compared with which, 
the ostrich, largest of living birds, might be regarded as 
a mere pigmy. The largest of these impressions measures 
twenty-two inches in length, and Dr Hitchcock, who origi- 
nally described the impressions, submitted his opinion that 
during the period in which the sandstones were formed and 
deposited, birds at least four times larger than the ostrich 
must have existed. The foot-prints succeeded each other at 
definite intervals, and differed from each other simply with 
the amount of difference which exists between a right and 
left foot. Each impression exhibited the imprints of three 
toes, which, like those of birds, diverge or spread widely 
outwards. A space measuring twelve inches intervened 
between the tips of the inside and outside toe-marks ; whilst 
the impressions of claws or nails were visible at the extre- 
mities of the foot-print. As in birds, the mark of the * foot * 
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proper vas represented b; a kind of double imivesEdon, pro- 
duced by the end of the 1^ The nomber of the joints or 
separate bones in the inner toe was seen to be three ; fonr 
joints existed in the middle, and five in the outer toe ; the 
joints in these huge feet exactly corresponding in number to 
those found in the toes of existing birds. So clearly were 




Fig. 77.— Foot-prinla of Bird, and K»in-dropa. 
the varioua parts of the foot represented in the impression, 
that even the roughened suriaoe of the skin which covered 
the under surface of the toes was duly reproduced in the 
foot-print. 

Thus far, the evidence derived from the investigation of 
living birds would seem to bear out the inference that the 
foot-prints of the Connecticut Valley were those of these 
bipeds. But the consideration of the instance before us 
eeives to shew that the evidence must in all cases be weighed 
with great care, and in view of all the ciroumstancea which 
the higher knowledge of succeeding years may bring. "We 
have thus noted the evidence of the bird-character of the 
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foot-prints to consist in their two-footed character ; in their 
exhibiting the same number of toes as very many birds 
exhibit ; and in the toes each possessing the same number 
of joints as is represented in those of living birds. The^ 
evidence is thus apparently complete enough as it stands ;. 
and in view of the fact that no known animal save a bird 
could produce impressions of corresponding nature. 

In these same sandstones, however, four-toed foot-prints- 
have since been met with, and the fuller investigation of 
some extinct forms of reptiles has strongly suggested the 
probability that the three-toed impressions may in reality ho- 
of reptilian nature. The further knowledge that many of 
these extinct reptiles undoubtedly possessed the power of 
walking on two limbs, strengthens this supposition. Thus 
there is one known extinct reptile named Compsognathus, 
which possesses hind-limbs of a type remarkably like those 
of the ostriches. And another well-known extinct reptile, 
Iguanodon by name, which must have attained a length of 
from fifty to sixty feet, in all probability possessed a power 
of walking on two limbs ; the hinder limbs being exceed- 
ingly large and powerful, as compared with the front mem- 
bers. Iguanodon had three toes on the hinder feet, and 
considering the close similarity between the bird and reptile 
type — dissimilar as these animals appear to be — ^it is not 
surprising to find many geologists leaning to the supposi- 
tion that the Connecticut foot-prints may, after all, be those 
of reptiles, or indeed of forms which may be regarded as 
somewhat intermediate between the bird and reptile classes. 
Having glanced at some of the chief facts regarding 
fossil foot-prints, we may next turn to the consideration of 
the allied subject of fossils themselves. The study of foot- 
prints links itself as we have seen, in the most complete 
fashion with that of the animals, living or extinct, which 
may be regarded as having produced the impressions. Tho 
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name ' fossil,' as every one knows, is giyen to the petrified 
remains of animals and plants preserved in the rock-forma- 
tions of onr earth, and which are composed, for the most 
part, of the same substance as that of the rock in which they 
are imbedded. The older geologists, not realising that the 
fossils they met with in the rocks represented simply the 
strays and fragments of the life which inhabited our world 
in past ages and former epochs, regarded these relics with 
somewhat of superstitious awe, and still later spectdated 
very loosely, and in some cases absurdly, regarding their 
origin. Fossils were thus believed by some to be produced 
by the influence of the heavenly bodies, by others to be 
'freaks of nature;' whilst, when their true nature had 
been determined, the entire collection of fossils were 
believed to have been deposited by and formed at the 
time of the Deluge. The careful study of fossils has, how- 
ever, served to clear away most of the errors which the 
older geologists propagated, and has besides afforded us 
much valuable information reg^itiiiig the past history of the 
world. We are enabled, in feet, from a study of fossils, to 
group the rocks into very definite periods, each period or 
epoch succeeding another period, and each possessing its due 
and stated place in the entire series of rocks. Whilst we 
thus also arrive at some intelligent conceptions of the age of 
rocks, and of the length of time which has elapsed since 
the formation of any particular group of formations. When 
the geologist, for example, finds shells of fresh-water 
kind in rocks, he assumes that these rocks must have 
been formed in lakes, or from the sediment of firesh waters. 
The discovery of fossil cdrals and fishes, and of other animals 
which are known to inhabit the sea, would shew that the 
rocks in which such foEidils were found, represented a marine 
or salt-water formation ; and the geologist is also able, from 
an inspection of the fossils of any series of rock-beds, to 
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say if the rocks have been formed in brackish situations, 
exemplified by the mouth or estuary of a large river, 
where the marine and fresh-water deposits merge into 
one another. 

It is, however, less with the evidences derived horn fossils, 
than with the manner of their formation, that we purpose 
now to deal. The natural conclusion to which the observer 
must come when he sees the imprint of a shell in a rock, or 
when he beholds the petrified shell itself, is that the shell 
once formed part of a living animal which inhabited it, 
and that in some way or other it became enclosed in the 
rock-materials when these latter were sofb, and before they 
had become consolidated. The shell has in feust become 
rock, along with the rock, and is now to be regarded as 
an essential part of the formation. Similarly, when we 
see a petrified bone or a tooth, we assume that the one once 
formed part of an animal's skeleton, and that the other 
once grew in an animal's mouth. If we meet with a fossil 
tree, or with the impress of some delicate fern — 'nature- 
printed ' as it were on the rock-sur£eu;e — we assume that it 
once grew and waved its fironds in the air and sunlight, 
as do its living neighbours of our own world and day. 
It is necessary to mention these facts and inferences, because 
some persons have now and then suggested that the rocks 
might have been formed with the fossils in them. This 
supposition, it need hardly be said, is . one entirely unsup- 
ported by common sense, or by the slightest particle of 
scientific evidence. 

The simplest and most complete manner in which a fossil 
may be formed is that where the actual body of the plant 
or animal is replaced by mineral matter. This process 
gives us the most perfect fossils, and its results are well 
seen in the complete preservation of the wood of trees, 
which, when minutely examined, is seen to present every 
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part of its structure perfectly reproduced in its fossil state. 
The rings seen in the trunk of a tree, the fibrous stracture 
of the wood, and even the delicate markings on the minute 
vessels of the plant, may be seen perfectly preserved in fossil 
plants. By grinding down thin sections of fossil plants, and 
by submitting them to microscopic examination, the botanist 
has often been enabled to determine the particular groups to 
which the plants have belonged. The bodies of animals, 
and hard parts of animals, have also been preserved in 
this complete manner, enabling the geologist to determine 
with the greatest accuracy the features of some extinct 
being, utterly unknown in the existing world of life. This 
first process begins with the animal or plant falling into 
water, and being conveyed sooner or later to the sediment 
which is being formed at the bottom of a lake, or in 
the bed of the sea. The water-formed or aqueous rocks, 
or those which have been formed from the sediment of 
rivers, lakes, and seas, are those which alone contain 
fossils; the fire-formed or igneous rocks — such, as are 
represented by the lava and other substances ejected from 
volcanoes — ^as might be expected, containing no traces 
of life. Being entombed amongst the soft sediment, the 
body of the animal or plant begins to decay and to fall 
to pieces ; this process, the inevitable result of death, pro- 
ceeding somewhat more slowly, however, than under ordi- 
nary circumstances. As decay proceeds, however, and as 
particle after particle of the once-living matter disappears, 
these atoms are in the same gradual manner replaced 
by particles of the mineral matter by which it is sur- 
rounded. It is, as has well been remarked, as if a bouse 
"Were being rebuilt * brick by brick, or stone by stone, a 
brick or a stone of a different kind having been substituted 
for each of the former ones, while the shape and size of the 
house, the form and arrangement of its rooms, passages, and 
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closets, and even the number and shape of the bricks and 
stones, remained unaltered.' The soft sediment itself next 
undergoes alteration and changes of great extent. The 
work of consolidation proceeds apace, and in the general 
chaos and confusion of the past, the rock-beds may have 
been far removed from their original site. And when^ 
latest of all, man, with the inquiring hammer of the geolo- 
gist, or the sturdy pickaxe of the quarryman, splits asunder 
the rock-layers, he meets with the preserved relic of a 
far-back past — the memento, it may bo, of a time when he 
himself was not, and when the present order of the world 
was yet in the shadowy and distant future. 

A less complete manner of preservation is that in which 
internal casts of living beings or their parts are found. 
Thus a shell, such as that of a cockle, may bo supposed to 
fall into the soft deposit, which fills up the interior ; whilst 
around the shell itself the same matter will also fit closely, 
so as literally to bury the object. When such a fossil as 
this is examined, we should find the shell to be com- 
pletely solid. A cast of the interior of the shell would 
clearly be formed by the matter which had gained admit- 
tance within the shell ; whilst the matter amidst which the 
shell was buried, would present us with a cast of the 
outside surface of the shell. Very frequently it happens 
that the limy substance of the shell itself is dissolved away 
by chemical action soon after its entombment, and we 
are thus left with the casts just alluded to, as the only 
remaining traces of the animal. Lastly, we may meet with 
mere impressions of the bodies of animals, just as wo have 
noted the imprints of their footsteps to occur, and occasion- 
ally wo may gain information respecting animals and 
plants, which, but for the fact of their mere impressions 
liaving been found, would have been wholly unknown to 
us. There are many delicate impressions of extinct sea- 
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weeds, zoophytes, and delicate ferns, affording ns copious 
stores of information regarding the once-living organisms, 
which must have been so delicate that their preservation in 
any other fashion must be regarded as an impossibility. It 
is, as could readily be supposed, only the hard parts of 
animals and plants which have, as a rule, been preserred to 
us as fossils ; the soft parts — save for their being preserred 
as impressions — and save under exceptional circumstances, 
disappearing under the influence of decay and pressure. 
Noting these fsicts, it is interesting and curious to note that 
we possess evidence of the existence, in the far-back past, 
of those softest of animals the jelly-fishes, in the shape of 
more than one delicate impression left on the soft mnd of 
some old searbeach, on which the jelly-fish was tossed, as 
are its modem neighbours, to perish and die. In the fine 
Lithographic Slates of Solenhofen, in Bavaria, impressions 
of jelly-fishes have thus been observed. 

A general survey of the life of the past shews ns that 
living beings have been developed in a gradual manner. 
The oldest rocks contain the simplest of organisms, and it 
is only as we advance upwards and approach nearer to our 
own age that we find the higher animals represented. Very 
curious and weird-like are many of the forms which the 
geologist has disinterred firom the safe keeping of Mother 
Earth; and as he pieces together the fragments of the 
puzzle of life, he can see enough, notwithstanding the im- 
perfection of his knowledge, to form some idea of the 
wondrous concourse and succession of living beings which 
have peopled this world — some species persisting to our 
own day, whilst others have appeared only, as it were, to 
disappear. Particularly is this the case with many extinct 
and gigantic reptiles, which appear to have had, speaking 
geologically, a very brief existence, and to have presented 
some very strange anomalies in structure when compared 
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with their nearest living representatives. Thus, in the 
rocks known to geologists as the Trias, the Oolite, and the 
Chalk formations, the remains of huge reptiles abound. 
Compared with the size of their extinct ancestors, the 
largest of our modem reptiles appear small and insignificant. 
There, for example, is ^q Ichthyosaurus^ or great 'fish-lizard,' 
which attained a length of at least twenty or thirty feet, and 
which, as revealed by the structure of its spine, must have 
been able to swim as actively as any fish. This huge 
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reptile probably yentured feir out to sea, swimiiiing by aid 
of its paddle-like limbs, and the tail-fin with which in all 
probability it was furnished. The jaws were plentifully 
provided with teeth, and the eye was supported by a ring of 
bony plates in front ; this structure enabling the animal ' to 
descry its prey,' as Dr Buckland remarks, * at great or little 
distances, and in the obscurity of mght, and in the depths 
of the sea.' Or look at its neighbour the Flesiosaurus, with 
which doubtless the * fish-lizard ' had many a combat, which 
attained a length of from twenty to thirty feet, and which 
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' to tliB head of a lizard ' unites ' the teeth of a crocodile, s 
neck of enormoua length resembling the body of a aerpent, 
a trunk and tail having the proportions of an oTdinaiy 
quadruped, tlie ribs of a chameleon, and the paddles of a 
vhale.' This animal muat also have been an active free- 
Bwmiming creature, pursuing its prey, consisting chiefly of 
fishes, through the waters of the primitive oceans in which 
it lived; 'whilst, when it lurked by tho shores of the sea, or 
at the eatuariea of rivera, its long neck would enable it to 
descry its prey aa it peered above the tall reeds and water- 
plauts, and would also serve as an effective instrument to 
secure the finny prey. Jfo less curious than the preceding 
forms ifl the Pterodactyl, or 'wing-finger,' a reptile which 




possessed a power of flight equal to that exhibited by our 
bats, and which in many cases must have attained an 
expanse of wing measuring twenty feet. The jaws were 
provided with teeth, and the eyes must have been large and 
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prominent. The wing-membrane was formed as in bats 
by an expansion of the skin of the body, and was supported 
chiefly by an enormously long outer finger; the other 
fingers being shut. This membrane was attached to the 
sides of the body, and to the hind-limbs, and extended also 
between the hind-limbs and taiL The latter members were 
very small and of weak nature, so that on the ground these 
reptiles must have been very helpless animals, and must 
have crawled along slowly, and after the awkward fashion 
of existing bats. But in the air, on the other hand, they 
must have been both fleet and active ; and it is curious to 
note that the only living reptile which possesses a flying- 
membrane is the little lizard, named the ' flying dragon ' 
of the East Indies; and even this animal possesses no 
power of true flight, but simply takes flying leaps from 
tree to tree; the expanded skin of the sides of the body 
acting simply as a kind of parachute, and supporting it 
temporarily in the air. 

There again is the giant CetiosauruSy or ' whale-lizard,* 
which fairly ranks first amongst these old reptilian giants, 
measuring, as it does, from sixty to seventy feet in length, 
whilst some of the joints of its tail measure seven and a half 
inches across by five and a half inches in length. This huge 
monster must apparently have lived a life partly on land 
and partly in water, and probably fed on the vegetation 
which bordered its aquatic haunts. Whilst, if we leave 
the reptiles and pass to the domain of the birds, we shall 
find that there were also bird-giants in these days. The 
bones found in the Eecent or newest deposits of New Zea- 
land shew us that a race of gigantic wingless birds inhab- 
ited that land, and in all probability within the human 
period, as suggested by the Maori traditions and legends. 
One species of these giant-birds, known as the Dinomis, 
stood, for example, upwards of ten feet in height, judging 
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from the height of the shin-bone, which measoies upwards 
of a yard in length ; and the hones of the toes of another 
species, to quote Professor Owen's words^ 'abnost liyal 

those of the elephant.' In 
Madagascar are found the 
remains of the JEpiomia^ a 
bird as large as the extinct 
New Zealand forms. Some 
of the eggs of the ^piomis 
have also been met with in 
a fossil state. These ^gs are 
worthy of the giants which 
produced them; since each 
measures horn, thirteen to four- 
teen inches in long diameter^ 
and is estimated to be as large 
as six ostrich ^gs, or one hun- 
dred and forty-eight hen's eggs. 
Even the quadrupeds of 
the past would appear to have 
outrivalled their modem neigh- 
bours in size. What would 
be thought, for example, of 
a modem kangaroo the head of which measured three 
feet in length? Yet such are the dimensions of the 
extinct Diprotodon of the Australian bone-caves. The 
little armadillos of the South American forests were 
represented in like forests of the past by the great Gflyp- 
todon, a giant armadillo, which attained a length of nine 
feet. And the sloths of these same forests find their repre- 
sentatives of the past in the shape of the Mylodon and 
Megatherium; the former attaining a length of eleven, 
and the latter of eighteen feet. In addition to these 
wondeis as regards size, the study of the past also 




Rg. 8(X — Skeleton of Dinomis. 
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rereak to ua curiosities in the way of cliaDges in the 
distribution of animals. The dephants of the past vera 
not confined to Asia and A&ica, as are theii ezistii^ lepie- 
sentatiree, but roamed over the whole world, and were even 
found in the shape of the great hairy mammoths — ^the 
remains of which aie still met with pocked and pieserred 
in the Siberian ice— amidst the cold and enow of the 
northern regjons. The 'British Lion' is fay no means a 
metaphorical creature in the eye of a geologist, since he 
can point to a comparatively recent period in the geological 
history of Britain, when out caves were tenanted by a 
' Cave Lion,' exactly resembling the existing ' king of 
beaata.' And no less surprising is it to find that hysenaa 




Fig. SI.— Skeleton of Mammoth, 
and bears, the mammoth, elephant, and even the rhinoce- 
roses, were represented in the British woods and forests of 
the past, and were, more curious still, beheld by the 
primitive men who first peopled Western Europe — a fact 
ascertained by the discovery of fiagments of boms and 
tuska on which rude drawings of reindeer and mammoths 
were scratched by the early inhabitants of the Continent 
No more fsiscinating study can well be presented to the 
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baman mind than that which investigates the nature and 
conditions of past life, and which seeks to read in the 
* record of the rocks,* the biography of the world in which 
we live. The troly wondrous nature of these changes can 
be fully perceived only by the patient observation of nature ; 
and vividly indeed does the geologist realise the beauty and 
truth implied in the Laureate's words : 

There rolls the deep where grew the tree. 
O earth, what changes hast thon seen ! 
There where the long street roars, hath been 
The stillness of the central sea. 

The hills are shadows, and they flow 
From form to form, and nothing stands ; 
They melt like mist^ the solid lands. 
Like clouds they shape themselves and go. 

And if one thought may come more prominently forward 
than another amidst studies of this nature, it is that which 
suggests the idea, that beneath all the changes through 
which the earth and its living things have passed, there 
may be traced not only a singular uniformity of plan and 
purpose, but also the wisest adaptation to the wants and 
ways of the creatures with which a wise and beneficent 
Mind has from time to time peopled the universe. 
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